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SVIC NOTES

Or. David Ewins presented some preliminary resuits of the United States State-of-
the-Art Assessment of Mobility Measurements program at the 53rd Shock and
Vibration Symposium and at the First International Modal Analysis Conference.

Even though more data remain to be processed, the mobility data on hand show
uncertainties that indicate the probable existence of problems in making consis-
tent modal test measurements. These preliminary results raise many important
issues, and most of these cannot be properly discussed until more data are pro-
cessed and the final data banks have been established.

The ability to make consistent mobility measurements is an important issue. The
same applies to modal test measurements since both measurements are related.
The ability to make consistent measurements implies that different experimenters
will make the same measurement with a low degree of uncertainty in the overall
results, regardiess of the measurement technique that is used.

Until recently, few were concerned about the degree of uncertainty in modal
test results. | think this is important for the following reasons. Modal test data
are most widely used to validate the mathematical models that are used to generate
the analytical resuits. Modal test data are also used to update or change mathe-
matical models, diagnose the cause(s) of excessive structural vibration, and more
recently, to detect structural degradation. The modal test is an important part of
the design process, but unless the degree of uncertainty in these test results can be
substantially reduced, it will be impossible to use them for any of the foregoing
applications with any degree of certainty,

R.H.V.




EDITORS RATTLE SPACE

THE EVOLUTION OF TEST EQUIPMENT

| recently read an article on real time spectrum analyzers in Electronic Products®
magazine, This excellent survey article pointed out the capabilities of the low-
frequency analyzers now on the market, It was interesting that so few companies
manufacture analyzers in view of the fact that so many different microprocessors
are available. The descriptions of the capabilities of the new four- channel analyzers
surprised me, for | had not been aware that so much new capability for data pro-
cessing and equipment analysis has become available. Then | began to wonder how
all this capability will be used.

it has been my experience that very few engineers know how to effectively use even
a two-channel analyzer. | have seen very few papers at meetings in which solutions
to design or diagnostic problems utilized a two-channel analyzer.

The advent of the four-channel analyzer would seem to indicate that test engineers
and experimentalists will soon achieve a position close to finite element analysts.
That is, they will have computing capabilities for analysis that far exceed the
known fundamental physical knowledge of behavior of dynamic systems, They will
be able to provide abstract analyses of systems based on input ¢1ta and physical
understanding that is at best questionable,

| maintain that fundamental information about the behavior of dynamic systems --
particularly damping phenomena -- must be obtained before the electronic tools
of today - even two-channel analyzers - will be fully effective. | suggest that more
research effort should be directed toward understanding the behavior of dynamic
systems rather than toward developing tools and procedures based on questionable
foundations.

R.L.E.

*Yates, W, “Update! Low Frequency, Resl Time FFT Spectrum Analyzers,” Electronic
Products, 28 (1), Fed 7, 1983,
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FINITE DIFFERENCE METHODS IN VIBRATION ANALYSIS

R. Ali*

Abstract, Literature concerned with the application
of the finite difference technique to the analysis of
natural vibration of engineering components s
reviewed, The review covers the period from 1978 to
1982 and concentrates on the analysis of beams,
plates, and shells. A brief introduction to the finite
difference technique is included.

Analysis of many vibration problems involves solu-
tion of sets of ordinary or partial differential equa-
tions. Direct solution of these equations can be
achieved in only a few cases; generally numerical
techniques must be used. The two most well known
numerical techniques are the finite element method
and the finite difference method. Both of these
methods in conjunction with the digital computer
have proved to be powerful techniques for the
design and analysis of engineering structures. The
finite difference method is particularly suitable
for the analysis of vibration characteristics of such
structural elements as beams, plates, plates with
cutouts, and stiffened plates.

This review is confined to a discussion of the finite
difference method and its application to the analysis
of structural components. Use of this method to
solve a set of differential equations roqvires that
the derivatives of a function be expressed by the
appropriate difference expression at finite intervals,
The result is a difference equation expressing the
differential equation for every node into which the
system has been subdivided, thus yielding a set of
simultaneous equations. After the appropriate and
relevant boundary conditions have been satisfied,
this set of equations is solved numerically to yield
the desired parameters,

FINITE DIFFERENCE FORMULATION

Consider a function y = f(x) and assume a nodal
interval h. The various difference expressions for

a node r can be expressed as follows:
Ay Yee1 T Yr-1
B/, 2h

BYy = Yea1 T V-1

The quantity Ayr is the first difference, Similarly the
higher order differences are:

A=Yy ™ 20+ Y

B2V = Vea™ g * Doy~ Ve (1)
4y = = = =

B%Y4= Y42~ Wpaq ~ OV = Ay v

These are the difference expressions for a one-dimen-
sional field. Note that, in this development, nodes
located symmetrically with respect to the node under
consideration are used. The result is central difference
expressions. It is possible to develop difference rela-
tions using nodes in ascending order, These relations
yield forward difference expressions; using nodes
in a descending order results in backward difference
expressions,

Consider a two-dimensional field; the difference
equations must represent functions with more than
one variable. In this case the coordinate axes chosen
can be cartesian, polar, or skew depending on the
problem. For a one-dimensional problem the two-
dimensional domain is divided into a mesh or grid.
Difference expressions are derived for all the nodes
in the grid by developing first the partial difference
in one direction and then the difference of the first
differences in the other direction.

Consider a function Z = f(x,y). The central difference
expressions for the node (i, j) can be expressed as
follows.

*Department of Transport Technology, University of Technology, Loughborough, Leicestershire LE11 3TU, UK
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where h and k are nodal spacings in x and y directions
respectively. Similarly difference expressions for
three or higher dimensional space can be established.
Development of difference expressions for all the
nodes in a grid leads to a set of simultaneous equa-
tions that must be solved to obtain the required
results.

Demands for increased accuracy in this type of
analysis lead to conflicting requirements. A dense
mesh improves the stability of the solution and
reduces discretization error but leads to uneconomi-
cal solution due to the large core requirement and
computation time. However, the analysis can be
improved by utilizing unequal intervals, in which
case development of difference expressions becomes
relatively complex. They must be derived by using
Taylor expansions or Lagrangian interpolation,

PLATE VIBRATIONS

Finite difference formulation of the equations of
motion has been extensively used for the vibration
analysis of various forms of plates. Most authors
have used the technique in its standard classical
form. No significant improvements in the technique
itself have been reported recently. Mukhopadhyay
{1] used this method for the analysis of isotropic,
orthotropic, and variable thickness plates but con-
sidered only rectangular plates. He also used this
method to modify a lumped mass system to a para-
bolically distributed mass system, thus producing
an accurate and economical analysis. This work has
been extended [2] to rectangular plates with elas-
tically restrained edge conditions and different
degrees of restraints. A number of tables of coeffi-
cients for various edge flexibilities have been pre-
pared.

It has been pointed out [3] that erroneous results
can be obtained when vibration characteristics of
plates are analyzed using a one-dimensional finite
difference formulation; a two-dimensional alternative
approach was suggested [3). Ganesan [4) presented
a vibration analysis of rectangular plates subject to
linear temperature gradients. He attempted to corre-
late the natural frequencies of the plate with tempera-
ture gradients. The temperature distribution pro-
duced a marginal increase in the fundamental fre-
quency.,

Kaldas and Dikinson [5] used the finite difference
technique to analyze flexural vibrations of welded
rectangular plates. The proposed method is applicable
to rectangular plates with any boundary conditions
and carrying any number of welds parallel to the
edges. The effects of welding processes on the vibra-
tion characteristics of these plates are discussed. The
authors suggest that this approach could also be used
to predict dynamic behavior of plates welded into
structures or standard structural elements,

Aksu [6, 7] published a numerical method based on
variational principles in conjunction with the finite
difference technique; he used the method in the
vibration analysis of stiffened and cross-stiffened
plates. He used unequal nodal intervals and the
concept of interlacing grids and nodal subdomains
in a novel formulation of the finite ditference scheme
that uses first and second order Lagrangian polynomi-
als. He applied this method to the analysis of several
rectangular plate systems with stiffeners in one or
both directions. The author also investigated the
effect of in-plane displacements and in-plane inertia
on the natural frequencies of eccentrically stiffened
plates.

The axisymmetric vibrations of laminated circular
plates have been discussed [8]. The effects of bilayer
composition, reversal in bilayer hybrids, material
interchange in triple layer composites, core thick-
ness, and two and three materials on composite
plate characteristics have been examined, The natura!
frequencies of the plates were sensitive to material
anisotropy and plate layup.

Free vibration analysis of circular sectc: plates has
also been investigated [9]). The dynamic behavior
of sector plates with radial edges simply supported
and various boundary conditions on the circumfer-
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ential edge was reported. Appropriate shape func-
tions for this class of plate have been laid out, The
author noted that agreement between predicted
and measured values deteriorates if the sectorial angle
exceeds 120°.

CABLES, BEAMS, AND SHELLS

A numerical simulation procedure based on finite
difference representation has been proposed [10]
for the prediction of the dynamic response of trans-
mission lines subject to turbulent winds. All non-
linear effects were included in the analysis. Both
direct explicit and semi implicit-explicit finite differ-
ence formulations were tried. The authors are of the
opinion that the latter method is computationally
more efficient. Interfacing of the simulation pro-
cedure with the numerical procedure was described,

Rega and Luongo [11] reported a natural vibration
study of elastic suspended cables with flexible sup-
ports. The influence of support flexibility on the
dynamic behavior of the cables was examined, as
was the importance of the two flexibilities relative
to the dynamic behavior of the whole system. It has
been established that cable extensibility has a greater
influence on the dynamic characteristics of a system
than support flexibility. A finite difference algorithm
was used for this study; possibilities of adaptation
of simpler mathematical models for technical appli-
cations were explored. However, the authors warned
that the resulting matrices could be unsymmetric
unless the nodal interval is small.

Finite difference formulation has been used to deter-
mine the dynamic response of elastic-plastic beams
subject to dynamic loads [12]). Elastic, perfectly
plastic, and a special elastic-viscoplastic strain harden-
ing model were subjected to suddenly applied uni-
form pressure and concentrated impact loads. Aydin
and Aksu [13] used this method in conjunction with
variational principles to determine the dynamic
characteristics of nonuniform cantilevers and stepped
beams and shafts.

A dynamic shell code based on a finite difference
formulation was used [14] in an analysis of the dy-
namic motion of circumferentially oriented through-
cracks in steel pipes in the presence of extensive

ylelding. Crack growth velocities, under dynamic
load, for typical pipes were studied and compared
with brittle cracks.

Berger [15) presented a numerical solution for the
transient vibration of arbitrary shells of revolution
surrounded by an acoustic medium. The equations
of motion of the acoustic fluid together with the
shell fluid boundary equations were expressed in the
finite difference form; the results were claimed to be
exact to within those approximations usually implicit
in such formulation. Only a first few even modes
are calculated.

Interlacing grids have been used [16] to develop a
general solution for the dynamic behavior of axi-
symmetric shells of revolution subject to arbitrary
dynamic loads. The work was undertaken to deter-
mine the influence of shear deformation and rotary
inertia on the solution. Three levels of shear stiff-
nesses were examined; the first eight frequencies of
vibration were calculated. It was shown that, for low
level of stiffness, the behavior of the shell approached
that of a membrane. Sheinman [17] extended this
work by including density variation. He used central
difference formulation and suggested that this modifi-
cation allows the method to be used for laminated
shells,. The method can also be used for rapidly vary-
ing and discontinuous loads and is stable for any
time interval.

Smith [18] used a combination of centrat and higher
order finite differences to develop equations for the
analysis of rotationally symmetric shells subject to
time-dependent loadings and boundary conditions.
He described a numerical procedure that permits
the use of larger meridional and time increments for
a given accuracy.

A large deflection elastic-plastic dynamic buckling
analysis of axisymmetric spherical caps with initial
imperfections has been published [19]. The dynamic
buckling loads were functions of geometric param-
eters in the case of the elastic material and were
independent of it in the elastic-plastic range. The
effect of material nonlinearity on the dynamic
behavior of the caps was also examined. The con-
clusion was that plastic yielding plays a significant
role in reducing the buckling pressure,

pert g



MECHANISMS

Sinha and Costello [20) presented a method for
determination of the dynamic response of helical
springs. Two numerical methods were used for this
study, nonlinear characteristics and tinite differences.
The former method appears to be superior in both
accuracy and economy. The authors concluded that
the linear theory is reasonably accurate if only axial
strains are considered, However, there is considerable
error if the linear theory is used for investigations
involving rotational strains,

Finite difference formulations in conjunction with
the Runga-Kutta-Gill methods have been used [21])
to analyze the dynamic behavior of a four bar chain
with elastic links and an overhanging coupler. Effects
of additional mass at the overhanging end of the
coupler on the transverse vibration of the mechanism
were described. It is shown that the characteristics
of the overhanging coupler greatly infiuenced the
dynamic behavior of the crank level mechanism. A
suitable range of overhanging masses was identified
for the reduction of strain due to the transverse
vibration of the coupler.

Kanango and Patnaik [22] published a study for the
reductior. of valve gear dynamic loads by means of
cam displacement profile modification. The dynamic
loads arise as a result of sudden variation of accelera-
tion. The aim of the study was to modify cam pro-
files through iterative adjustment of displacements
so as to minimize acceleration of the follower during
its cam imparted motion.
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survey and analysis

LITERATURE REVIEW: gt sters e,

The monthly Literature Review, a subjective critique and summary of the litera-
ture, consists of two to four review articles each month, 3,000 to 4,000 words in
length. The purpose of this section is to present a “‘digest’” of literature over a
period of three years. Planned by the Technical Editor, this section provides the
DIGEST reader with up-to-date insights into current technology in more than
150 topic areas. Review articles include technical information from articles, reports,
and unpublished proceedings. Each article also contains a minor tutorial of the
technical area under discussion, a survey and evaluation of the new literature, and
recommendations. Review articles are written by experts in the shock and vibration
field.

This issue of the DIGEST contains articles about dynamic applications of piezo-
electric crystals and digital synthesis of response-design spectrum compatible
earthquake records for dynamic analyses.

Dr. M. Cengiz Dokmeci of Istanbul Technical University, Istanbul, Turkey, has
written a review of current open literature pertaining to the dynamic applications
of piezoelectric crystals. Representative theoretical and experimental papers cover
waves and vibrations in piezoelectric one-dimensional and two-dimensional struc-
tural elements.

Dr. P-T.D. Spanos of University of Texas at Austin, Texas, has written a paper
on methods of digital synthesis (simulation) of earthquake records that are com-
patible with a target (specified) response-design spectrum. The usefulness of a
target spectrum-based approach to the design of earthquake resistant structures is
addressed.



DYNAMIC APPLICATIONS OF PIEZOELECTRIC CRYSTALS
PART I: FUNDAMENTALS

M.C. Dokmeci®

Abstract. This paper presents a review of current
open literature pertaining to the dynamic applications
of piezoelectric crystals. Representative theoretical
and experimental papers cover waves and vibrations
in piezoelectric one-dimensional and two-dimensional
structural elements. New trends of reseerch are
pointed out for future applications of piezoelectric
crystals.

Piezoelectricity, an interdependence of mechanical
and electrical properties in certain types of materials,
is an exciting new field of applied physics and engi-
neering. This interdisciplinary field has applications
in both civil and military industry, The present
paper is designed to present an introduction and
guide and to stimulate further strides in the field.

INTRODUCTION

Classically, piezoelectricity is electric polarization
produced by mechanical strain in certain crystals,
the polarization being proportional to the strain
and changing sign with it {1]. Piezoelectricity is a
reversible, inherently anisotropic, electromechanical
phenomenon that was first observed in crystals by
the brothers Pierre and Jacques Curie in 1880 [2].
In a piezoelectric crystal, application of mechanical
stresses or strains generates electric polarization and
hence an electric field; this is referred to as the
direct piezoelectric effect. Conversely, application
of voltage produces a mechanical distortion of the
crystal; this is called the converse, or reciprocal,
piezoelectric effect. The converse piezoelectric
effect is a thermodynamic consequence of the direct
piezoelectric effect, as predicted theoretically by
Lippmann [1]. The relations between piezoelectric-
ity and crystals were established by the brc:hers
Curie and then rigorously determined by Voigt [3].

Other treatises (1, 4-7) present the development and
applications of piezoelectricity.

Piezoelectricity has generally been observed in
anisotropic crystals that lack a center of symmetry
(8, 9) and in certain noncrystalline materials as
well [10, 11). An examination of the symmetry
group of the 32 crystal classes reveals that, with the
exception of one class -~ namely, the cubic class
432 -- the 20 classes having no center of symmetry
exhibit plezoelectricity; that is, centrosymmetric
crystals cannot be piezoelectric, Prominent among
the asymmetrical crystals that possess high piezo-
electric coupling are quartz (the trigonal class 32),
Rochelle salt (the rhombic class 222), and ammonium
phosphate (the tetragonal class 42m). Noncrystalline
materials and liquid crystals [12], which are visco-
elastic fluids with crystal-like behavior, can display
piezoelectricity; this phenomenon has been substan-
tiated and experimentally demonstrated (12-17].
Of noncrystalline materials rubber, paraffin, and
glass [1]; the piezoelectric textures such as wood
{13] and bone [14}; and polymers [15) and ceram-
ics [16-18) possess piezoelectric properties.

Such polymers as polyvinylidenefiuoride (PVDF)
(19] comprise an important subclass of piezoelectrics
called ferroelectrics. Ferroelectrics exhibit strong
piezoelectricity; spontaneous polarization as well
as induced polarization are caused by an applied
electric field [20, 21]. In addition to polymers such
piezoelectric ceramics, or piezoceramics, as barium
titanate and lead titanate zirconate compositions
show ferroelectric behavior. Piezoceramics are made
of anisotropic crystalline powders by pressing and
sintering; analogous to the magnetizing of magnets,
these polycrystalline materials are prepolarized by
a strong electric field. Such synthetic plezoelectric
materials are reliable and uniform, have high electric
and mechanical strength, and are potentially low in

*istanbul Technical University, P.K. 9, Istanbul, Turkey
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cost. The properties of various piezoelectric materials,
including elastic and piezoelectric coefficients, are
available (22-28).

Historically, from the discovery of piezoelectricity
until the end of World War |, the piezoelectric trans-
ducer suggested by Paul Langevin in 1817 was the
sole technical application of piezoelectricity [1].
Piezoelectric devices were siowly developed up to
the advent of World War |1, During and following the
war piezoelectric effects were extensively utilized
in hydroacoustics, electroacoustics, and electrooptics
devices. The past two decades have witnessed a rapid
increase in the use of piezoelectric effects, especially
in weapons systems and space devices. Synthetic
plezoelectric materials allow a wide variety of advan-
tageous geometries, both plane and curved, to be
moided and polarized in various directions. These
materials have been used as transducers, filters, os-
cillators, and transmitters Most of the piezoelectric
elements currently used in devices are in the shape
of plates, disks, thin films, shells, and laminae, both
uncoated and coated. In connection with the design
and construction of piezoelectric devices several
works are useful (1, 4,6, 20-32].

With the exception of a few papers desling with
bending and fracture [33-37] all of the irvestigations
concerning piezoelectric crystals have been devoted
to dynamic applications. In this article a review of
the literature pertaining to the fundamental equations
of piezoelectricity and their variatioral formulations
is followed by a review of representative papers
involving waves and vibrations in piezoelectric crys-
tals in order to illustrate the present status of research
in piezoelectricity. Lastly, need of further research
is pointed out for dynamic as well as static applica-
tions of piezoelectric crystals

FUNDAMENTAL EQUATIONS

The motion of an elastic continuum interacting with
thermal, electric, or magnetic fields is governed by
the fundamental equations of electro-magneto-
thermoelasticity [38-42]. The fundamenta! equations
consist of the following: field equations that have
been established on the basis of mechanical and
electrical balance laws, constitutive relationships

10

that appropriately express the peculiarities of the
continuum; and boundary, initial, and jump condi-
tions. The equations can be equivalently and inter-
dependently expressed either in global form through
integral expressions, in local or differential form by
asuming suitable differentisbility conditions, or in
varietional form by stationarity of pertinent func-
tionals. The global form, though essential and general
due to its physical nature, is inappropriate; hence
one of the other forms, particularly the variational
form, is desirable in most applications. One branch
of electro-magneto-thermoelasticity is piezoelectric-
ity; it is a quasi-linear, polarizable but not magnetiz-
able field.

In piezoelectricity, the elastic field is considered
dynamic, but the electric field is taken to be static
with respect to electromagnetic propagation phe-
nomena, The quasi-static approximation provides an
extremely accurate representation for piezoelectricity
when electromagnetic waves essentially uncouple
from elastic waves, and wavelengths close to those
of elastic waves much smaller than electromagnetic
waves (the ratio being 10* - 10%) at the same tre-
quency are considered. The approximation was
justified by Tiersten [43] .

In accordance with the quasi-static approximation,
the fundamental equations of piezoelectricity can
readily be obtained from those of electro-magneto-
thermoelasticity for the case of nonconductors at
frequencies far below optical frequencies in which
electric charge density, conduction current, and
rate of charge of magnetic induction can be set
equal to zero, The fundamental equ.tions of piezo-
electricity were first presented by Voigt [3] and
then others [1, 20, 44-48], who accounted for
nonlinear effects that had been experimentally ob-
served [49]). The uniqueness of the fundamental
equations of linear piezoelectricity and thermo-
piezoelectricity have been examined [45, 50]; con-
ditions sufficient for uniqueness were enumerated
by means of the classical energy argument. Nowacki
{61] has also studied uniqueness, and Lothe and
Barnett [52] have commented on the existence of
piezoelectric surface waves,

Wave propagetion equations The wave propagation
equations of thermopiezoelectricity can be expressed
indifferential form as
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These equations have been deduced from fundamen-
tal linear equations by successive substitution of
five field quantities, namely, ug the mechanical
displacement, 8 the small temperature change, and
¢ the electric potential.

In the equations Einstein’s summation convention
is implied for all repeated indices. Also, t denotes
time, p is mass density, x stands tfor space coordi-
nates, Cjji| are the elastic constants, eyjj are the
piezoelectric strain constants, )\ij are the thermal
stress constants, €k is the dielectric permittivity,
Kjj are the heat conduction coefficients, and pj are
the pyroelectric constants. The material constant
a is equal to pCB,~ !, Cp, is the specific heat under
constant volume and 90 the reference temperature
for 8 (§€6,). Of the material constants, Cijk| refer
to free constants because they describe stress-strain
relations in the absence of electric and thermal
fields; the rest of the coefficients refer to clamped
constants [9] .

The above set of wave propagation equations should
be solved for each case of interest under suitable
boundary and initial conditions, as weli as jump
conditions, Further, the wave equations of thermo-
piez electricity reduce to the classical wave equations
in the case of vanishing electric and thermal fields.

Variational principles. To reproduce the fundamental
equations variational principles have been formulated
that allow the establishment of approximate theories
of piezoelectricity as well as approximate direct solu-
tions. The variational principles of piezoelectricity
have heen primarily derived by use of Hamilton's
principle, as has been illustrated by Mindlin [53],
and also through the principle of virtual work and the
method of convolution,

Analogous to Mindlin's first variational principle
there have been proposals for variational principles in
piezoelectricity, they have been elahorated and
unified by Tiersten in his notahle monograph [45].
Another elegant variational principle has been con-
structed that can be used to estimate posteriorly
the errors of direct solutions [54]. The variational
principles for thermopiezoelectricity have been
derived {50, 51, 55, 56]. The variational principles,
with the exception of a few [65-67], may generate
anly some of the fundamental equations of piezo-
eletricity; the remaining equations are contained
as constraints, However, variational principles with
no constraints or as few constraints as possible are
desirable in most applications, this point has been
thoroughly studied [58],

Dokmeci [56] applied Tiersten's method of deriva-
tion [58] and proposed a quasi-type, unconstrained
variational principle for a thermopiezoelectric region
with a surtace of discontinuity. He considered the
nonlinear constitutive relations as well as all the
initial and jump conditions. A variational principle
for fracture of piecoelectric continua has been
derived {35, 59]. Extension of the theorem of
classical elasticity [60] has allowed derivation of
a reciprocal theorem for piezoelectricity [61] and
for thermopiezoelectricity [51, 62]. A recent bound-
ary element formulation has been made for linear
piezoelectric problems {63] .
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DIGITAL SYNTHESIS OF RESPONSE-DESIGN SPECTRUM
COMPATIBLE EARTHQUAKE RECORDS FOR DYNAMIC ANALYSES

P.T.D. Spanos*

Abstract. Methods of digital synthesis (simulation)
of earthquake records that are compatible with a
target (specified) response-design spectrum are
reviewed, The target spectrum can be specified either
deterministically or stochastically. Some aspects of
this problem that could receive additional attention
are presented. The usefuiness of a target spectrum-
based approach to the design of earthquake resistant
structures is addressed,

The idea of characterizing earthquake records by
using the concepts of response and design spectra
has proved fruitful for about half a century. Some
early discussions are available [1-4]. Furthermore,
many books on earthquake engineering discuss these
important concepts [5-10]. It has thus becoime
routine to generate the response spectrum of a given
earthquake record. In many practical cases, however,
it is desirable to pose the inverse problem and to
synthesize (simulate) earthquake records that are
compatible with a target {specified) spectrum. The
answer to this problem is not readily obtainable.

In this article concepts of spectral characterization
of earthquake motions are first reviewed. Methods of
generating spectrum compatible records are then
discussed. A special effort has been made to cover
the subject adequately while quoting only sources
that are reasonably accessible to interested readers.

BACKGROUND

The most direct characterization of earthquake
motion in the time domain is provided by accelero-
grams. An accelerogram is a time record of ground
acceleration during an earthquake; it is commonly
obtained by using instruments called strong-motion
accelerographs. The accelerograph records three

orthogonal components of ground acceleration at
a certain loation,

An extensive collection of historic accelerograms and
corresponding velocity and displacement records
has been compiled [11]. A typical example is given
in Figure 1. Information can be obtained from an
accelerogram about duration, frequency content,
and maximum acceleration of ground shaking during
any earthquake under consideration, The strength
of the ground shaking is characterized on an absolute
basis. However, no direct assessment is provided of
severity for a particular structure exposed to dynamic
loads due to the earthquake,
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The severity of ground shaking also depends on the
degree of both resistance to deformation and energy
dissipation of the structure, For example, for single-
degree-of-freedom linear structures with the same
ratio of critical damping, the severity of ground
shaking increases as the natural frequency of a
structure approaches its dominant frequencies. There-
fore, a quantitative description of the relative siifi-
cance of various frequencies that appear in an accel-
erogram is important, This description is furnished
by the Fourier spectrum of an accelerogram (5, 6).
The Fourier spectrum of a given accelerogram of
ground motion ag(t) of duration s is defined by the
equation

Flaw) = f3 agltle™Widt; i = =T (1)

The Fourier amplitude spectrum is given by the
equation

Falw) = |F(w)l (2)

The symbol | | denotes complex modulus.

RESPONSE SPECTRUM

The Fourier spectrum does not directly provide
information on the severity of ground shaking with
regard to the energy dissipation capacity of a seis-
mically loaded structure. Such information is pro-
vided by the response spectrum corresponding to
a particular accelerogram [5-10]. A response spec-
trum is associated with the dynamic behavior of a
quiescent single-degree-of-freedom structure resting
on a base which is suddenly exposed to the accelera-
tion history specified by the accelerogram under con-
sideration; see Figure 2. The response spectrum pro-
vides the maximum values attained by such struc-
tural response parameters as displacement, veiocity,
or acceleration because of base shaking. The maxima
are shown in plots versus natural frequency or period
of the structure; each plot is identified by the ratio
of critical damping ¢ of the structure.

Mathematically, the concept of the response spec-
trum can be introduced by the following equation of
motion of the linear structure

§+2{w:’<+w’x--ag(t) (3)
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Figure 2. A Single-Degree-of-Freedom Structure
to Earthquake Excitation

The relative displacement, velocity, and acceleration
response spectra are defined by the following equa-
tions

Displacement Response Spectrum = Sy(w.§)

= Max |x(t}| “

Velocity Response Spectrum = §, (w §) (5)
= Max |x{t}|

Acceleration Response Spectrum = S,(w.{) (6)

= Max [x{t)|

Note that, if r(t) represents any of the responses
appearing in equations (4) through (6), it can be
determined by using the equation

)= = f) aglrin(t-rior W)

in which h{r) denotes the impulse response function
of the structure for any particular response consid-
ered. Commonly used response spectra are concerned
with relative displacement, relative velocity, and abso-
lute acceleration.

In fact, because of the small ratio of critical damping
in the linear range of most engineering structures -
approximately € 3% for buildings and € 5% for
soils -- relative velocity and absolute acceleration
response spectra are approximated by the pseudo-
velocity spectrum wSy(w.§) and the pseudo-accelera-
tion spectrum w? Sglw.$). Typically, the logarithms
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of pseudo-velocity spectral ordinates are plotted
against the logarithms of the natural period or fre-
quency of the structure, Also included are ascending
and descending lines at 135° and 45° angles; the
frequency axis corresponds to the logarithms of the
displacement and pseudo-acceleration spectral ordi-
nates. Thus, a combined tripartite logarithmic plot
is generated. A typical example of such a plot is
shown in Figure 3, which is based on the accelero-
gram shown in Figure 1. An extensive collection of
response spectra of historic accelerograms is available
(12].

If the natural frequency w and the ratio of critical
damping ¢ of a finear structure are known, the
maximum value of a parameter of its response to
base seismic excitation -- maximum base shear for
example - can be conveniently computed from the
corresponding response spectrum. The significance
of this convenience is enhanced by the fact that a
large class of multi-degree-of-freedom structures are
amenable to modal analysis. The structural response
to a dynamic load such as earthquake excitation can
thus be det.. mined by combining appropriately the
seismic responses of a set of single-degree-of-freedom
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osclilators. The natural frequencies and the ratios
of critical damping of these oscillators depend on
the mass, stiffness, and damping matrices of tha
original multi-degree-of-freedom structure.

DESIGN SPECTRUM

The response spectrum corresponding to a particular
accelerogram exhibits considerable local irregularities
in the frequency domain, However, spectra corre-
sponding to an ensemble of accelerograms produced
by ground shakings of sites with similar geological
and seismological characteristics are smooth functions
of time and exhibit statistical trends that characterize
them collectively. For example, the band of domi-
nant-significant  frequencies of accelerograms s
identifiable on a statistical basis. Thus, if an approach
based on the concept of response spectrum is adopted
for aseismic design of structures, it Is logical to seek
a representation of recorded and expected strong
ground shaking at a certain location by using a
smooth spectrum. This spectrum is on the one hand
insensitive to the chaotic details of any particular
response spectrum; on the other hang, it reflects the
repetitive characteristics of the ensemble of response
spectra. This idea has led to the development of the
concept of a design spectrum, A typical example of
a design spectrum is given in Figure 4 {10],

Development or selection of a proper design spectrum
for a given erection site of a structure is not an easy
task. It involves the incorporation of historical data,
available and extrapolated theoretical results, and
engineering judgement. Discussions of background
information useful in determining expected ground
shaking of given erection sites are available [13-14],

A design spectrum can be specified on either a
deterministic or a stochastic (probabilistic) basis
[15-23]). Related to the concept of the design spec-
trum is the concept of a critical design spectrum
(24-28]. A deterministic design spectrum ijs devel-
oped by using smoothing procedures to eliminate
insignificant local abrupt changes in the response
spectra of individual recorded accelerograms, and
known and extrapolated theoretical results,

A stochastic design spectrum is associated with
the interpretation of any recorded or expected

Period (sec)

Figure 4. Example of a Combined Design Spectrum

ground shaking record at a given location as an
individual realization, or sample function, of a time
series. A stochastic design spectrum can then be
generated by specifying, with a selected confidence
level, the expected maximum response of a single-
degree-of-freedom linear structure as a function of
its natural frequency and ratio of critical damping.
However, for this purpose it is necessary to know the
probability distribution of the maximum of the
structural response; this problem is equivalent to the
first-passage problem of the theory of random vibra-
tions [29) for which only approximate analytical
solutions exist. Therefore, a stochastic spectrum is
often constructed numerically, and only its mean
value and standard deviation are specified.

A critical design spectrum is associated with the idea
of determining an excitation among a certain group
of excitaticns that will induce the largest peak value
of any parameter of interest in the structural re-
sponse. The class of admissible excitations and the
measure of the response parameter of interes: can be
specified either deterministically or stochastically.
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For example, a class of admissible excitations can be
defined as containing all accelerograms ag(t) for
which

10 agmat<e,? (8)
or
1P <ag? > a<E,? (9)

The symbols E, and E, denote constants, D is an
accelerogram duration parameter, and th: symbol
< *> represents the operator of mathematical expec-
tation.

ALGORITHMS OF DIGITAL SYNTHESIS

The usefulness of spectral characterizations of ex-
pected strong ground shaking at erection sites of
presumably linearly responding structures is undis-
putable and has resuited in the accumulation of
such characterizations, Consequently, spectral charac-
terizations of seismic loads have been recommended
or adopted for dynamic analyses of even nonlinear
structures. Their nonlinear behavior is usually due to
geometrical and material factors. Typical examples
of nonlinear structures are nuclear power plants
and offshore platforms,

Nonlinear seismic dynamic analyses of structures
rely almost exclusively on digital computers to
integrate the corresponding equations of motion.
It, therefore, becomes necessary to develop an algo-
rithm that synthesizes accelerograms compatible
with target design spectra. The development of these
algorithms can be accomplished by following either
a deterministic or a stochastic approach,

Deterministic approach. An early deterministic
approach has been presented in corihection with
procedures of aseismic design of nuclear power
plants [30]. The synthesis procedure, described
only qualitatively, starts with an accelerogram of
an actual earthquake the response spectrum of
which resembles the target response spectrum, This
accelerogram is scaled so that the maximum of
its response spectrum matches the maximum of
the target response spectrum, Matching between the
two spectra is enhanced by changing the digitization
interval, using analog filtering techniques, and manip-

ulating algebraically more than one synthesized
record,

A basically similar approach but one that {s more
quantitative has also been used {31]. An existing
accelerogram with a response spectrum matching the
target spectrum fn many respects Is first utilized,
This spectrum is modified by using a two-degree-of-
freedom mechanical filter to suppress undesirable
frequencies. The level of the spectrum is raised
locally by superimposing on the selected accelero-
gram harmonic components of appropriate ampli-
tude, central frequency, and phase,

Existing accelerograms have also been used to initiate
the synthesis procedure when existing earthquake
records are represented in the frequency domain by
using the corresponding Fourier transforms [32].
The basic reason for this approach is that the ampli-
tude Fourier spectrum shown in equation (2) and
the velocity response spectrum for zero ratio of
critical damping £ of any accelerogram are in a
close agreement [4]. Conceivably, a similarity be-
tween these two spectra can exist even for { # 0.

Thus, an existing earthquake record is selected and
its amplitude Fourier spectrum and response spec-
trum are computed. Next, the response spectrum is
compared against the target spectrum; the difference
is used to modify the amplitude Fourier spectrum,
The modification involves either scaling by a func-
tion of frequency or adding a function of frequency.
This method is iterative and can accommodate
simultaneously the additional constraint that the
peak acceleration of the synthesized time history
has a pre-assigned value,

The synthetic record has been represented as the
product of a modulating envelope and a sum of
harmonic functions [33]. The following equation
was used
N
aglth=m(t) Z Ajsin(w;t) (10)
i=1
The frequencies w; of the harmonic functions were
selected so that they had overlapping half-power
points for the ratio of critical damping of the target
spectrum, The number N of these frequencies chosen
was based on the band of frequencies over which
the target spectrum had appreciable values. The
modulating envelope m(t) was selected by using the
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time variation of the strength of actual earthquakes
such as the 1940 El Centro earthquake. The ampli-
tudes A; of the harmonic functions were initially
estimated by using the values of the target spectrum
corresponding to the frequencies w;. The values
of A; were subsequently scaled by the ratio of the
target to the synthesized spectrum which correspond-
ed 1o w;.

Two other aspects of accelerogram synthesis were
considered [33). One deals with the question of
existence of a time record that is compatible with
any arbitrary response spectrum; in fact, one spec-
trum does not have a compatible time history. The
other aspect has to do with the simultaneous simu-
lation of two uncorrelated time records.

It has been proposed that a simple sinusoid with
variable frequency, a sine sweep earthquake, be
used to synthesize a very short accelerogram with
a response spectrum matching a target spectrum
corresponding to a much longer actual earthquake
(34]. The specific form of the synthesized accelero-
gram is given by the equation

ag(t) = A(w) sin [0(1)] (1
Alw) is a function of frequency, and @(t) is a non-
linear function of time.

This approach has been exemplified by simulating a
sine sweep accelerogram that is compatible with the
response spectrum of a specific record of the 1940
El Centro earthquake. For this particular problem
0(1) was taken equal to an odd cubic function of
time. The amplitude A(w) was defined piecewise
and involved a linear function for small frequencies,
a constant for intermediate frequencies, and the cubic
power of the square root of w for high frequencies.

Interestingly, the sine sweep earthquake of duration
of three seconds yielded a response spectrum that
compares quite well with the response spectrum of
the recorded Ei Centro accelerogram, which lasts
approximately thirty seconds. Conceivably, the
capability of the sine sweep accelerogram to quickly
induce large responses on structural systems, could
be of considerable value in reducing the necessary
computation cost of time domain analyses of major
structures. Useful discussions pertaining to these
techniques and to the stochastic techniques dis-
cussed in the next section are available {35] .

Stochastic approach, An alternative to the determin-

istic approach to synthesizing spectrum compatible
accelerograms is the stochastic approach. In this
approach attention is given to two different but
related problems, The first problem has to do with
the synthesis of a record that is a realization of a
stochastic process and is compatible with a given
determinjstic response spectrum. The second problem
pertains to the synthesis of a stochastic process with
a probabilistically specified response spectrum,

As far as the first problem is concerned, a method
has been presented [36] to synthesize an earthquake
record as a time-modulated sum of harmonic func-
tions with random phases uniformly distributed in
the interval {0, 2n). The duration Dg of the accelero-
gram was preselected, and the acceleration at a time
t was computed from equation (12).

(12)
i=1

N 2mit
ag(t) =ml(t) Z Ajcos (— +¢i)
i D
0
The symbol m(t) signifies a deterministic modulating
envelope of the form [37]

t 2

(—); 0<1<Y

t

(13)

m(t)= 1,t1<t<tz

exp[-a(t-ty)] ; t; Kt <D,

where ty, t;, and a are preselected parameters, The
form of the modulating envelope given by equation
(10 reflects three phases of the strength of strong
ground shaking. The strength of the ground motion
increases rapidly between zero and t;, remains
constant between t; and t;, and decreases expo-
nentially after t;. This model has been used exten-
sively in the literature in connection with stochastic
modeling of earthquakes.

The symbol ¢ in equation (12) signifies a random
phase uniformly distributed in the interval [0, 2w].
For the purpose of generating ¢; several available
algorithms can be used. A typical example has been
published [38]. Values from the target spectrum
corresponding to zero damping were selected as
initial estimates of the amplitudes A; of the har-
monic functions, Final values of the amplitudes
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were selected through an iterative procedure that
involved scaling A; by the ratio of the target over
the synthesized spectrum at w = wj. A similer ap-
proach that does not involve use of the modulating
envelope m(t) has been presented (39].

Another approach involves a combination of time
domain and frequency domain techniques (40].
Attention was also given to the problem of synthe-
sizing an accelerogram that is simultaneously com-
patible with a design spectrum and a peak accelera-
tion value. In a similar approach [41] the accelero-
gram was represented again as the product of a
modulating envelope and a sum of harmonic func-
tions with random phases. The modulating envelope
was of the form [42]

mit)=eBt-e-7t,0<p<y (14)

This envelope has been extensively used in connec-
tion with stochastic modeling of earthquakes. The
amplitudes and random phases of the harmonic
components are determined through an iterative
procedure and by relying on a relationship which
assures that the spectrum of the synthesized record
is an upper bound of the target spectrum, The prob-
lem of synthesizing an accelerogram that is simul-
taneously compatible with target spectra correspond-
ing to two different damping ratios was also ad-
dressed.

As far as the second problem is concerned, reported
solution techniques seek to determine the power
spectral density of a stochastic process that is com-
patible, in a certain probabilistic sense, with a target
response spectrum. The power spectral density of a
stochastic process shows, on a statistical basis, the
distribution of power versus frequency; it reflects
the band of frequencies that appreciably contribute
to the power of the process and quantifies their
relative importance [29]. For example, the mean
square value of a stochastic model of accelerograms
ag(t) is given by the equation

<ag*(t)>=[7 Sglwtldw ; (15)
Sg(t) is the power spectral density of ag(t).
For the purpose of deducing the power spectral

density from a target spectrum, exact and approxi-
mate solutions for the response of & single-degree-of-

freedom structure to @ random excitation can be
used. Approximate solutions for determining the
probability distribution of the maximum of the ran-
dom structural response over a certain duration of
excitation are employed, These solutions pertain
either to first-passage problems [23, 43-46] or 1o
the maximum of a statistical moment of a struc-
tural response parameter (47-49]. Advantage Is
often taken of the fact that design spectra are usu-
ally specified for lightly damped ($<<1) structures.

These approaches can be used to determine the
power spectral density of a stochastic process for
which the average of the response spectra correspond-
ing to its realizations matches the target spectrum,
A more general criterion can also be satisfied such
that a preselected fraction of the realizations of the
stochastic process yield response spectra that exceed
the target spectrum at all frequencies of interest. In
fact, some researchers prefer to use this approach
to select an initial approximation of an accelerogram
that matches a deterministic target spectrum. For
example, the power spectral density of the stochastic
process can be determined so that the median of the
corresponding population of response spectra approx-
imates the target spectrum, A single accelerogram can
be synthesized that is compatible with the deter-
mined power spectral density and then modified so
that its response spectrum matches the target spec-
trum.

Insofar as the synthesis of an accelerogram that is
compatible with a specified two-sided power spectral
density Sg(w,t) is concerned, the most direct ap-
proach is based on the equation

L
aglt) = I 2w 8w coslw;t+e));
I=1 (16)
N e
L

where £ is an integer, w), is the upper limit of the
frequency band of interest, and ¢; are random phases
uniformly distributed in the interval [0,2%]. Other

equivalent versions of equation (16) can also be used.

CONCLUDING REMARKS
Methods that can be used for synthesizing time

records compatible with specified response-design
spectra have been reviewed. The two basic approaches
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to this problem are deterministic and stochastic. The
deterministic approach is based on a real or artiticial
record the spectrum of which is, in some quantita-
tive sense, a close approximation of the target spec-
trum. This record is subsequently modified using
spectral raising or suppressing techniques. The sto-
chastic approach is based on determining the power
spectral density of a process, a realization of which
can be a good first approximation of the record
sought in a deterministic formulation of the problem.
The stochastic approach can also be used for the case
in which a deterministic target tpectrum is not
specified; rather, a process is sought a predetermined
fraction of records of which yield response spectra
that exceed a given design spectrum,

This reviewer would like to call attention to two
related points of the problem ot synthesis of target
response-design spectrum compatible records. First,
it seems that this problem has not been addressed
on a mathematically rigorous basis. Apart from one
notable exception [33)] little concern has been ex-
pressed about the existence and unigueness, in any
reasonable sense, of a time history record that is
compatible with an arbitrary single target spectrum
or simultaneously compatible with arbitrary target
spectra corresponding to more than one ratio of
critical damping. Second, the practicality of con-
tinuing to specify seismic inputs in dynamic analyses
of structural systems by a design spectrum is ques-
tioned. The concept of design spectrum has been
introduced for the purpose of conducting conve-
niently linear dynamic seismic analyses of structures,
In a sense the analyst or the code developer that
specifies a certain design spectrum has carried out in
advance some of the computations that a practitioner
would have to perform, This is an intelligent ap-
proach to a linear problem,

However, for the nonlinear seismic analyses of
modern structures that have become feasible with
digital computers -- indeed almost mandatory due to
cost and safety considerations -- the concept of a
design spectrum does not offer any advantage. Thus,
a more rational and reasonably convenient procedure
for specifying expected seismic loads should be
adopted, a procedure that is applicabie for both
linear and nonlinear analyses. Either the time-history
record of the acceleration or the corresponding
Fourier spectrum could be used.

Alternatively, on a stochastic basis the power spectral
density of the ground shaking could be specified. This
approach has considerable appeal when two facts
are taken into consideration, First, records compat-
ible with a specified power spectral density can be
readily synthesized. Second, reliable estimates of the
statistics of elastic and inelastic nonlinear random
seismic responses of multi-degree-of-freedom struc-
tures can be efficiently computed by using the
technique of stochastic linearization [50].
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BOOK REVIEWS

IMPACT DYNAMICS

J, Zukas, T. Nicholas, H.F. Swift, L.B. Greszuk,
and D.R. Curran
John Wiley and Sons, Inc., New York, NY
1982, 480 pp, $47.50

This book grew out of a short course on the subject
of impact dynamics initiated by the authors in 1979.
The book is divided into 11 chapters. Contributors
include the five authors participating in the lecture
program; two of them contributed more than 75
percent of the text, which is directed toward the
practicing engineer. Both experimental and analyti-
cal approaches are emphasized. A chapter by chapter
summary of the material is given below,

Chapter 1 presents an overview of one-dimensional
stress waves in solids. A range of loading intensities
that can be classified in terms of specific response
regimes is considered. The regimes are the purely
elastic, the plastic involving large deformations, and
the hydrodynamic. The first and third regimes are
discussed in Chapter 1; discussion of the second
regime is deferred to Chapter 4,

The focus of Chapter 2 is the limitations of the
elementary analytical approach. Examples include
the differences between liquid-solid impacts, fracture
with stress waves, and the dynamic plastic buckling
of long bars. The material is highly selective but
well covered.

Chapter 3 examines damage in composites at low
velocity impacts. It does not address the composite
impact problem jn broad terms but focuses on a
narrower problem of interest to the author. This is
unfortunate due to the technological importance of
the problem area. For example, no definition of the
scope of the foreign-object damage problem is dis-
cussed nor is any reference made to the number of
joint industry/service/institutional meetings that have
addressed this matter.

Chapter 4 deals with the second dynamic response
regime, namely the elastic-plastic area. Analytical
and and experimental methods are discussed for
both rate-independent and rate-dependent theories.
The chapter focuses on uniaxial stress wave propaga-
tion in long bars and rods. The method of charac-
teristics is used as a mathematical tool in solving the
governing equations. Difficulties can arise in mea-
suring dynamic properties from uniaxial stress wave
propagation in bars and rods; thus, analytical and
experimental methods involving elastic-plastic waves
of uniaxial strain using impacted flat plate specimens
are developed. The theories are compared, and
the effects of stress waves in other geometries such
as strings and beams are discussed.

Chapter 5 presents a descriptive overview of penetra-
tion and perforation problems for impacting solids.
A description of the problem, a classification of
impact response, and discussion of physical phenom-
ena involved during the penetration/perforation
process are adequately documented. Thin, inter-
mediate, and semi-infinjte thickness targets are
covered, Appendices address parameters associated
with the ballistic limit and impactor stability.

Chapter 6 discusses the subject of hypervelocity
impact mechanics; the problem is classified by target
thickness. Because hypervelocity impacts produce
shock waves in both the impactor and target mate-
rials, each medium can be considered to deform
according to the laws of fluid mechanics. The first
part of the chapter addresses the impact issue from
a scaling/parameterization point of view; penetra-
tion/depth ratios are presented. The last part of the
chapter examines the equipment needed to generate
hypervelocity launches, including muiti-staged gas
guns, explosive projectors, and electrical accelerators,

Chapter 7 examines camera type devices for studying
dynamic loading events associated with impact and
blast loads. Design requirements as- well as camera
types are reviewed. Single-frame cameras including
conventional, spark shadowgraph, and flash radio-
graph as well as other special techniques are de-
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scribed. Among the high-speed motion cameras
discussed are the rotating prism, rotating mirror-
drum, spark, and electronic tube type. Smear and
streak type cameras are included for completeness.

Chapter 8 examines dynamic effects over a regime
in which wave propagation effects can be considered
either in a simplistic manner or ignored. Thus, this
chapter examines situations in which stress and strain
averaging are considered important. The split Hopkin-
son pressure bar is an accepted experimental tool
for determining high strain rate material effects.
Methods of pressure bar testing at high strain rates
in compression, tension, and shear are discussed as
are modified tests that extend strain rate performance
limits beyond usually accepted bounds. Examples
include direct impact versions of the pressure bar/
specimen interaction and the use of such modified
specimens as notched types. Other experimental
techniques for quantifying particular dynamic prop-
erties data, including Taylor cylinder tests, expanding
rings, dynamic shear, and bend tests, are also dis-
cussed. The chapter concludes with a section on
constitutive equation modeling to describe dynamic
material effects,

Chapter 9 discusses the dynamic fracture of mate-
rials, Both the classical fracture mechanics approach
associated with macroscopic crack growth and the
microstatistical approach involving microvoid con-
centration and size distribution functions are de-
scribed. The chapter emphasizes the second approach;
examples and applications are given for both ductile
and brittle materials. An expansion of this chapter
to include additional material applications would
be welcome

Chapters 10 and 11 discuss computational methods
and codes that describe high velocity impact phenom-
ena. Chapter 10 examines the computational process,
discretization procedures, and mesh descriptions
necessary to formulate numerical solutions. Applica-
tions to problems are presented, and solution limita-
tions are defined.

The final chapter lists the various codes presently in
wide use; type, overall computational limits, and
merit are given for each code. This chapter should
be useful to the practicing engineer requiring such
information to solve a particular problem.
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In summary, this book is a useful reference for the
practicing engineer who requires information on the
subject of impact dynamics. Some chapters present
a more comprehensive overview than others both in
treatment of material and citation of relevant contri-
butions. Also, as is true with any book of more than
one author, an ordered alternative organization of
the individual chapters would be useful. In this case
Chapters 1, 2, and 4 should be grouped together
foliowed by 8, 6, 7, 5, 10, and 11 and firally Chap-
ters 9 and 3.

R.L. Sierakowski
University of Florida
Gainsville, FL 32611

TRENDS IN SOLID MECHANICS

J.F. Besseling and A.M.A. Van der Heijden, editors
Delft University Press, Sijthoff & Noordhoff
International, The Netherlands
1980, 246 pp, $45.00

This book contains the proceedings of a three-day
symposium at the Delft University of Technology,
The Netherlands, in June, 1979. The symposium
was held to honor Professor W.T. Koiter on his 65th
birthday. Thirteen invited speakers prominent in their
fields presented the state of the art of a number of
topics in the area of solid mechanics. These include
elastic stability and theory of plasticity, nonlinear
shell theory and nonlinear vibrations, reliability of
structures, thermo-mechanics, and mathematical and
finite element methods. The book begins with a
biographical note and a list of publications of Pro-
fessor Koiter. A brief review of the 13 papers follows,

1. "Elastic Wave Propagation Problems in Non-
destructive Evaluation” by J.D. Achenbach.
The integral equations governing the crack-
opening displacements for both interior and
surface breaking cracks are derived. These
equations are solved numerically for specific
geometries. The solution for the amplitude-
spectrum is compared with the experimental
results for longitudinal diffracted waves.

2. "Continuum Thermo-Mechanics’’ by B. Becker.
This paper is related to the classical theory of




Caratheodory and Born, It deals with the local
equilibrium and Irreversible processes in con-
tinuum mechanics. Gibbs' relation of maximum
entropy principle, visco-elasticity, and creep
are described.

., "Finite Element Methods” by J.F. Besseling.
Finite element methods are reviewed with
reference to linear structural mechanics. The
paper includes solution procedures, the principles
of virtual work and virtual heat, spatial finite
element equations, the stabilitv of structures,
and kinematics of mechanisms.

. “Reliability of Structures’” by V.V, Bolotin,
Professor Bolotin presents a survey of the general
concepts and methods of the theory of structural
reliability, The survey outlines stochastic models
of structural failure, methods of evaluating reli-
ability and longevity factors, and prediction of
individual reliability and life factors.

. Buckling: Progress and Challenge’’ by B. Budi-
ansky and J.W. Hutchinson, The authors discuss
the general theory of elastic buckling. The paper
describes the influence of the early work of
Koiter on the development of the theory of
buckling. In that regard the authors mention that
“the general theory of elastic buckling and
post-buckling behavior was presented by Koiter
in his 1945 Ph.D, thesis. After a dormant period
of over fifteen years the basic ideas of theory
started to become widely known, and by now
have become the subject of numerous alternative
(but essentially equivalent) expositions.” The
paper indicates the importance of considering
the bifurcation modes interaction because opti-
mum design tends to produce structures having
nearly equal resistances to more than one mode
of failure. The plastic buckling associated with
bifurcation in the plastic range, post-bifurca-
tion behavior, and imperfection sensitivity are
reviewed. The paper concludes with some obser-
vations on such related topics as optimum design,
stochastic buckling, and the general stability
theory.

. "Nonlinear Vibration”” by C. Hayashi. The
author describes forced oscillatory systems with
one and two degrees of freedom. The stability
of periodic solutions is analyzed using Hill's

10,

equation and Floquet's theorem, Although solid
mechanics is the main theme of the symposium,
Professor Hayashi demonstrates his nonlinear
analysis with the aid of electric circuits with 8
saturated inductance following the same lines of
thought of his book, He then outlines the rela-
tionship between the initial condition and the
resulting response by considering the transient
state of oscillation before it settles into the
steady state.

Hayashi employed two methods to obtain the
response curves. The first is the graphical solu-
tion of integral curves in the state plane; the
second utilizes a mapping procedure based on
the transformation theory of differential equa-
tions,

"Developments in the Mathematical Theory of
Plasticity’’ by H.G. Hopkins. This paper deals
with the mathematical theory of plasticity for
cases involving either two space variables (quasi-
static problems) or one space variable and time
{dynamic problems).

. "Models for High Temperature Fracture'’ by

F.A. Leckie. The author describes possible
mechanisms that influence the growth of cracks
in metals operating at temperatures high enough
for time-dependent effects to be important. The
author suggests that in some situations the life
of the component is dictated by considerations
of continuum damage mechanics; in others it is
dominated by the growth of cracks.

. "'Some Mathematical Problems Connected with

Solid Mechanics’” by J.L. Lions. The author
outlines two abstract methods based on func-
tional analysis. These methods are the varia-
tional in equalities and the asymptotic expan-
sion for periodic structures. Tliey are applied
to the classical obstacle probiem, theory of
plasticity, and perforated materials.

**Variational Methods in Optimization of Struc-
tures’” by F. Niordson and N. Olhoff. The
authors analyze the existence of solutions as
related to the actual formulation of the prob-
lem. This requires the study of continuity,
singularities, jump-conditions, and bimodality.
The paper introduces an approach to optimiza-



tion of reinforced structures using a smear-out
process.

11. “On the Construction of Modeis of Continua
Interacting with an Electromagnetic Field'' by
L.l. Sedov and A.G. Tsypkin. For a continuous
medium in the presence of interacting material
bodies and an electromagnetic field - with
allowances for electric currents, polarization,
and maynetization - the authors describe a
general theory for constructing a mathematical
model. The authors show that the basic vari-
ational equation for actual phenomena locally
reduces to the first and second laws of thermo-
dynamics.

12. "Special Cases of the Nonlinear Shell Equation”
by J.G. Simmonds. The author shows that the
inclusion of strain measures and stress-strain
relations in the shell equations of motion leads
to various forms of nonlinearities. The Von
Karman equation is extended to plates under-
going arbitrarily large rotations.

13. “Some Recent Advances in the Application of
Nonlinear Elastostatics to Singular Problems’ by
E. Sternberg. This survey paper outiines two
recent studies pertaining to singular problems
in the finite equilibrium theory of elastic solids.
Such singular problems are the locally unbound-
ed and discontinuous deformation gradients.

The book ends with an interesting lecture by Pro-
fessor Koiter entitled ‘‘Forty Years in Retrospect,
the Bitter and the Sweet.” It is the story of his
scientific struggles and successes over the 40 years
of his professional life.

R.A. lbrahim

Department of Mechanical Engineering
Texas Tech University

Box 4289

Lubbock, TX 79409

VIBRATION IN POWER PLANT
PIPING AND EQUIPMENT

R.C. lottiand M.D. Bernstein, editors
ASME Publ. H00192, New York, NY
1981, 57 pp

As stated by the editors ‘‘The object of this sympo-
sium is to provide a forum for the exchange of
information and to contribute to the state of the
art of the design against vibration including its
proper assessment.”’ This short volume consists of
eight papers packed into 59 pages. The first paper
extends previous work on vibration of straight heat
exchanger tubes aimed at developing a method for
determining the natural frequencies of V-tubes on
multiple supports. The second paper reports test
results of curved tube arrays in order to assess the
effect of flow-induced vibration, The critical flow
velocity for onset of fluidelastic instability of a
straight tube array can be employed in a conservative
sense for a comparable curved tube array. The third
paper describes a comprehensive analytical procedure
for designing piping systems subjected to vibratory
motion. This highly theoretical and mathematical
paper is worth studying for its possible influence
on piping dynamics.

The fourth paper, although brief, proposes a way to
optimize a piping system layout in order to minimize
vibration. The fifth paper presents a simple method
that the designer can use to modify piping system
configurations found to be unacceptable in test or
analysis.

The sixth and companion seventh paper are an elab-
orate treatment of systematic procedures used in
acceptance criteria for piping vibration monitoring
tests required in nuclear plants. Based upon this
analysis, the ASME draft standard is conservative.
The companion paper proposes a complete test
program that could be performed in an operating
nuclear power plant. This program provides a proper
perspective of what a good test program should con-
tain,

The final paper analyzes the effects of transient
load; in particular, the loss-of-coolant (LOCA), The
state of the art is not fully developed in this area.
The lack of experimental data and insufficient
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analytical procedures impose a lsrge cost require-
ment in terms of computer resources.

In summary, this was a good symposium, It emphs-
sizes deficiencies in understanding transient phenom-
ena and the best way to solve them. The reviewer
would have liked more pspers on computationel
efforts and, If possible, computer programs. In
addition, the reviewer would have preferred more
papers on the dynamic analysis of power plant
equipment other than the piping aspect. The re-

viewer further believes that we have come a long way
toward understanding the role of dynamics on power
plant design, but there is still a long way to go. We
require additional effort to unde. stand the physics
and experimentstion necessary in the dynamics of
power plant design,

H. Ssunders

General Electric Company
Building 41, Room 307
Schenectady, NY 12345
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SHORT COURSES

APRIL

DESIGN OPTIMIZATION INSTITUTE

Dates: April 11-15, 1983

Place: Tucson, Arizona

Objective: The purpose of this course is to provide
engineering designers with an understanding of the
optimal design process, exposure to necessary theo-
retical concepts and to demonstrate application with
specific engineering examples. In addition extensive
comparative results will be given which will allow a
designer to choose a particular code implementation,
The course is intended to serve practicing design
engineers and is specifically directed toward those
who have not had previous training in optimization,
but are familiar with the engineering design process.

Contact:  Special Professional Education, College of
Engineering, Harvill Bldg.,, Room 237, University of
Arizona, Tucson, AZ 85721 - {602) 626-3054.

9TH ANNUAL RELIABILITY TESTING INSTI-
TUTE

Dates: April 18-22, 1983

Place: Tucson, Arizona

Obijective: This institute will cover reliability testing
concepts, the determination of the failure rate, the
distribution of the times-to-failure, and the reliability
of components and equipment; the applications of
the Weibull distribution to reliability; small sample
size, low cost, short duration reliability tests; non-
parametric testing; sequential testing, and Bayesian
testing.

Contact:  Special Professional Education, College of
Engineering, Harvill Bidg.,, Room 237, University of
Arizona, Tucson, AZ 87521 - {(602) 676-3054.

DYNAMIC BALANCING SEMINAR/WORKSHOP
Dates: April 27-28, 1983

Place: Columbus, Ohio

Objective: Balancing experts will contribute a series
of lectures on field balancing and balancing machines.

36

Subjects include: field balancing methods; single-,
two-, and multi-plane balancing techniques; balancing
tolerances and correction methods. The latest in-place
balancing techniques will be demonstrated and used
in the workshops, Balancing machines equipped with
microprocessor instrumentation will also be demon-
strated in the workshop sessions, where each student
will be involved in hands-on problem-solving using
actual armatures, pump impellers, turbine wheels,
etc. with e nphasis on reducing costs and improving
quality in balancing operations.

Contact: R.E. Ellis, IRD Mechanalysis, Inc., 6150
Huntley Road, Columbus, OH 43229 - (614) 885-
5376.

MAY

COMPUTER SIMULATION OF HIGH VELOCITY
IMPACT

Dates: May 10-13, 1983

Place: Baltimore, Maryland

Objective: This is an intensive short course dealing
with material behavior under short duration loading,
numerical methods for impact and penetration
problems, a survey of two- and three-dimensional
computer codes for impact and penetration studies
as well as graphics packages for computational mesh
generation and data analysis. Numerous applications
involving impact, penetration and material failure
under intense, short-duration loading will be pre-
sented to illustrate considerations essential for simu-
lation of physical phenomena.

Contact: Dr. J.A. Zukas, Course Coordinator,
Computational Mechanics Associates, P.C. Box
11314, Baltimore, MD 21239 - {301) 4351411,

MULTICRITERION DECISION MAKING: COM-
PUTER METHODS AND ENGINEERING APPLI-

CATIONS
Dates: May 17-25, 1983
Place: Tucson, Arizona
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Objective: This course will demonstrate how to
account for the muliticriterion nature of decision
and management problems in industrial, systems,
mining, environmental, and civil engineering. A
precise definition of system decision problems will
be given and selected techniques presented and
illustrated by examples, Real-world case studies
and areas of potential applications will be discussed.
Workshops will be held using own decision problems
and demonstrating computer programs to perform
analyses.

Contact:  Special Professional Education, College of
Engineering, Harvill Bldg., Room 237, University of
Arizona, Tucson, AZ 85721 - (602) 626-3054,

ROTOR DYNAMICS

Dates: May 23-27, 1983

Place: Syria, Virginia

Objective: The role of rotor/bearing technology in
the design, development and diagnostics of industrial
machinery will be elaborated. The fundamentaic nf
rotor dynamics; fluid-film bearings; and measure-
ment, analytical, and computational techniques will
be presented. The computation and measurement
of critical speeds vibration response, and stability of
rotor/bearing systems will be discussed in detail.
Finite elements and transfer matrix modeling will
be related to computation on mainframe computers,
minicomputers, and microprocessors. Modeling and
computation of transient rotor behavior and non-
linear fluid-film bearing behavior will be described.
Sessions will be devoted to flexible rotor balancing
including turbogenerator rotors, bow behavior,
squeeze-film dampers for turbomachinery, advanced
concepts in troubleshooting and instrumentation,
and case histories involving the power and petro-
chemical industries.

Contact: Dr. Ronald L. Eshleman, Vibration Insti-
tute, 101 W, 55th St., Suite 206, Clarendon Hills, IL
60514 - (312) 6564-2254,

JUNE

VIBRATION AND SHOCK SURVIVABILITY,
TESTING, MEASUREMENT, ANALYSIS, AND
CALIBRATION

Dates: June 6-10, 1983

Place: Santa Barbara, California

Dates: August 22-26, 1983

Place: Santa Barbara, California

Objective: Topics to be covered are resonance and
fragility phenomena, and environmental vibration and
shock measurement and analysis; also vibraticn and
shock environmental testing to prove survivability.
This course will concentrate upon equipments and
techniques, rather than upon mathematics and
theory.

Contact: Wayne Tustin, 22 East Los Olivos St.,
Santa Barbara, CA 93105 - (805) 682-7171.

MECHANICS OF HEAVY-DUTY TRUCKS AND
TRUCK COMBINATIONS

Dates: June 13-17, 1983

Place: Ann Arbor, Michigan

Objective: This course describes the physics of
heavy-truck components in terms of how these com-
ponents determine the braking, steering, and riding
performance of the total vehicle. Covers analytical
methods, parameter measurement procedures, and
test procedures, useful for performance analysis,
prediction and design.

Contact:  Continuing Engineering Education, 300
300 Chrysler Center, North Campus, The University
of Michigan, Ann Arbor, M| 48109 - (313) 764-8490.

MACHINERY VIBRATION ANALYSIS
Dates: June 14-17, 1983

Place: Nashville, Tennessee
Dates: Augut 16-19, 1983
Place: New Orleans, Louisiana
Dates: November 15-18, 1983
Place: Chicago, Illinois

Objective: In this four-day course on practical
machinery vibration analysis, savings in production
losses and equipment costs through vibration analysis
and correction will be stressed. Techniques will be
reviewed along with examples and case histories
to illustrate their use, Demonstrations of measure-
ment and analysis equipment will be conducted
during the course, The course will include lectures
on test equipment selection and use, vibration mea-
surement and analysis including the latest informa-
tion on spectral analysis, balancing, alignment, iso-
lation, and damping. Plant predictive maintenance
programs, monitoring equipment and programs, and
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equipment evaluation are topics included, Specific
components and equipment covered in the lectures
include geers, bearings (fluid film and antifriction),
shafts, couplings, motors, turbines, engines, pumps,
compressors, fluid drives, gearboxes, and slow-speed
paper rolls.

Contact: Dr, Ronald L. Eshleman, Vibration Insti-
tute, 101 W, 55th St., Suite 206, Clarendon Hills, IL
60514 - (312) 664-2254,

VIBRATION DAMPING
Dates: June 19-22, 1983
Place: Dayton, Ohlo

Objective: The utilization of the vibration damping
properties of viscoelastic materials to reduce struc-
tural vibration and noise has become well developed
and successfully demonstrated In recent years. The
course Is intended to give the participant an under-
swanding of the principles of vibration damping
necessary for the successful application of this
technotogy. Topics included are: damping funda-
mentals, damping behavior of materials, response
measurements of damped systems, layered damping
treatments, tuned dampers, finite eleament technigues,
case histories, and problem solving sessions.

Contact: Michael L. Drake, Kettering Laboratory
104, 300 Coliege Park Avenue, Dayton OH 45469 -
(613) 229-2644.




PREVIEWS OF MEETINGS

12TH TRANSDUCER WORKSHOP
June 7.9, 1983
Cocoa Beach, Florida

The 12th Transducer Workshop is scheduled for
June 7-9, 1983. The workshop will be held at the
Holiday Inn, Melbourne Oceanfront near Cocoa
Beach, Florida. A list of the technical presentations
is shown below. A tour of the Kennedy Space Center
has also been arranged. The final workshop program
with registration information and forms will be avail-
able the first week of April, 1983.

For additional information contact: William D.
Anderson, Chairman, Vehicular Instrumentation/
Transducer Committee, TG/RCC, Technical Support
Directorate, Naval Air Test Center, Patuxent River,
Maryland 20670

TECHNICAL SESSIONS
Session 1:Transducer Systems

® '‘Measurements on and with Non-linear Systems
-- Problems and Approaches,’”’ Peter K. Stein,
Stein Engineering Services

® ‘“Drift Prediction for a Roll-Stabilized Inertial
Measurement System,” Vesta |. Bateman,
Sandia National Laboratories

® ‘‘Performance Evaluation of Sensors,” Paul S.
Lederer, Wilcoxon Research

® “Test and Evaluation of Radioactively Con-
taminated Transducers and Transmitters,”’ R.C.
Strahm, EG&G Idaho, Inc.

® ‘Testing Techniques Involved in the Develop-
ment of High Shock Acceleration Sensors,”
Bob Sill, Endevco Corporation

Session 2: Temperature, Displacement and Velocity

® "A High Accuracy Temperature Measurement
on a Diagnostic Canister for the Nevada Test
Site,”” Donald Gerigh, Lawrence Livermore
National Laboratory :

® A New Application of Proximity Probe Mee-
surement on Rolling Element Bearings,” Tom
McGauvran, Bentley, Nevada

® "Space Shuttle Main Engine Turbopump
Transducer,” Tom J. Peterson, Rockwell/
Rocketdyne

® “Aircraft Displacement Off the Bow,' Terry
A. Collom, Naval Air Test Center

® "An Angular Velocimeter for Aerospace
Applications,” Or. PW. Whaley, University
of Nebraska - Lincoln

® "An Extended Range Penbulous Velocity
Gage,”’ Laurence Starrh, Lawrence Livermore
National Laboratory and Roger Noyes, EG&G
Inc.

Session 3: Pressure

® Difficulties Encountered in Measuring Small
Differential Pressures at High Reference Pres-
sures,” Richard T. Hasbrouck, Lawrence Liver-
more National Laboratory

® “Weapon Chamber Pressure Measurement,”

W. Scott Walton, U.S. Army Aberdeen Proving
Ground
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“Soil Pore Gas Pressure Meassurements at the
Nevads Test Site,” Lee Devies, Roger Noyes,
John Kalinowski and Ted Stubbs, EG&G, Inc.

“Temperature Compensation and Shunt Cali-
bration of Semiconductor Pressure Trans-
ducers,” Joseph R. Mallon, Jr.,, Kulite Semi-
conductor Products, Inc.

“Applications of the Small Body Pressure
Transducer,” Robert E. George, Ames Re-
search Center

“Precise Hydraulically Operated 100,000 Ib.
Force Transfer Standssd,” Vern E. Besn and
B.E. Weich, National Bureau of Standards

Session 4: Manufacturers Panel

@ Eight selected transducer manufacturers will

discuss their latest products and answer ques-
tions.

Session 5: Vibration and Shock

® “A Systems Approsch to Measuring Short

Duration Acceleration Transients,”” Fred Schel-
by, Sandia Nationsl Laboratories

*Calibration of Vibration Pickups at High
Frequencies,”” B.F. Payne, National Bureau
of Standards

Shock isolated Accelerometer,”” Mark Groethe
and Ed Day, S-Cubed

“High-G Calibration of Accelerometers - An
Evalustion of Methods,” Charles Federman
and Myrosisv R. Serbyn, National Bureau of
Standards

“*Aircraft Ground Vibration Test Instrumenta-
tion System,”” David Banaszak and Richard
Talmadge, Air Force Wright Aeronautica!
Laboratories
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MECHANICAL SYSTEMS

ROTATING MACHINES
(Als0 see Nos. 480, 491, 658, 622, 656, 660)

83-430

Fractional-Frequency Rotor Motion Due to Nonsym-
metric Clearance Effects

DO.W. Childs

Texas A&M Univ., College Station, TX 77843, J.
Engrg. Power, Trans, ASME, 104 (3), pp 533541
(July 1982) 9 figs, 8 refs

Key Words: Rotors, Subsynchronous vibration, Whirling,
Parametric excitstion

Analysis based on the Jeffcott model is presented to explain
1/2 wpeed and 1/3 speed whirling motion occurring in rotors
which sre subject to periodic normal-loose or normal-tight
radial stiff ness varistions. The normal-loose stiffness varistion
results due to besring-clearance effects, while normal-tight
stiffness varistions resuit from rubbing over s portion of a
rotor's orbit, A linesr parametric-excitation analysis demon-
stretes that during a8 normal-tight rubbing condition, Cou-
lomb damping significantly widens the potentisl range of
unstable speeds.

83431

A Study of the Modal Truncation Error in the Com-
ponent Mode Analysis of a Dual-Rotor System

D.F. Liand EJ. Gunter

Univ. of Virginia, Charlottesville, VA 22901, J.
Engrg. Power, Trans. ASME, 104 (3), pp 525-5632
(July 1982) 11 figs, 4 tables, 17 refs

Key Words: Rotors, Modal analysis, Modal truncation, Com-
ponent mode synthesis

In the component mode synthesis method, the equation of
motion in the generslized coordinates is built upon the
undamped eigenvalue dets of the component structures.
Error is inevitable when truncsted modes are used. Two
model truncation schemes were evaluated with regard to the
critical speed, stability, and unbelsnce response of s two-
wpool ges turbine engine, The numbers of modes required
to yield acceptabie accuracy in these cases were determined.
Guidelines for modal truncation were derived from these
results.

83432

Component Mode Synthesis of Large Rotor Systems
D.F. Liand E.J. Gunter

Univ. of Virginia, Charlottesville, VA 22901, J.
Engrg. Power, Trans, ASME, 104 (3), pp 552-560
{July 1982) 8 figs, 14 refs

Key Words: Rotors, Component mode synthesis, Modasi
synthesis

A scheme is presented for calculsting the vibrations of large
multi-component flexible rotor systems based on the compo-
nent mode synthesis method, It is shown that, by a modal
expansion of the elastic interconnecting siements, the system
modal equation can be conveniently constructed from the
undamped eigen representations of the component sub-
systems. The capability of the component mode method is
demonstrated in two examples: a transient simulation of
two-spool gas turbine engine equipped with 8 squeeze-film
damper; and an unbalance response analysis of the Space
Shuttle Main Engine oxygen turbopump in which the dynam-
ics of the rotor and the housing are both considered.

83433

Vibrotion Detection of a Transverse Crack in a
Rotating Machine Shaft

J.C. Sol

Canada Inst. for Scientific and Tech. Information,
Ottawa, Ontario, Canada, Rept. No. ISSN-0077-
5606, NRC/CNR-TT-2018, 16 pp (1982)

N82-27763

Key Words: Shafts, Crack detection, Monitoring techniques

The vibrational effects of a crack are reviewed using simple
theoretical models, and detection criteria for horizontal axle
machines are defined. These criteria are compared with
experimental results obtained using a small scale mode! and
from a real machine. Monitoring techniques developed
empecially to detect defects of this type in turboalternators
are presented,

83434

On the Shaft End Torque and the Unstable Vibra-
tions of an Asymmetrical Shaft Carrying an Asym-
metrical Rotor

H. Ota and K. Mizutani
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Nagoya Univ., Chikusa-ku, Nagoya, 464, Japan,
Bull. JSME, 25 (208), pp 1574-1681 (Oct 1982)
8 tigs, 10 refs

Key Words: Shafts, Whirling

in a rotating asymmetrical shaft carrying an asymmetrical
rotor, there occur two types of unstable regions. These
unstable regions change with the orientation ungle { between
the inequality of sheft stiffness and that of rotor inertias,
The conditions under which unstable vibrations occur just
88 input energy into the rotating shaft system tends to in-
crease the whirling smplitudes of the shaft, can be ciearly
ascertained,

83435

An Experimental Study of Rotor-Filter Pump Perfor-
mance

K.M. Marshek, M.R. Naji, and G.C. Andries

Univ. of Texas at Austin, TX 78712, J. Energy
Resources Tech., Trans. ASME, 104 (3), pp 259-268
{Sept 1982) 32 figs, 2 tables, 10 refs

Koy Words: Pumps, Pulse excitstion

The performance of a rotor-filter pump were studied experi-
mentally, To develop sn understanding of pump perfor-
mance, end in particuler to discern the mechanism of hy-
draulic pulsing, flow visusiization in the rotor, vibration
anslyses of the pump, frequency analysis of the pump
hydraulic pressure pulsation, and anslyses of fiow charac-
teristics for different pick-up tubes in combination with
different impeliers and cover plstes were conducted.

RECIPROCATING MACHINES
(See No, 607)

POWER TRANSMISSION SYSTEMS
{See No. 858)

METAL WORKING AND FORMING

83-436

Dynamic Processes during Contour-Recess Grinding
(Dynamische Vorgange beim Aussenrund-Einstech.
schieifen)

E. Salje, W, Dietrich, and J. Meyer

VDI Z,, 124 (17), pp 623-628 (1982) 16 tigs, 3 refs
(In German)

Key Words: Grinding, Vibration controt

The sffect of grinding force and of the volume cut per unit
of time on the dynamic processes during grinding is dis
cussed.

STRUCTURAL SYSTEMS

BRIDGES

83437

Vulnerability of Steel Girder Bridges to Airblast
J.W., Ball and J.P. Balsara

U.S. Army Engineer Waterways Experiment Station,
Corps of Engineers, Vicksburg, MS, Shock Vib. Bull.,
U.S. Naval Res. Lab., Proc. 62, Supplement 1, pp
127-135 (Oct 1982) 19 figs, 4 refs (52nd Symp.
Shock Vib.,, New Orleans, LA, Oct 26-28, 1981,
Spons, SVIC, Naval Res. Lab., Washington, DC)

Key Words: Bridges, Stesl, Air blast, Vulnerability, Nuclesr
weapons effects

Data is provided for the development and verification of an
anslytical model for wvulnersbility predictions of a steel
girder bridge from airblast of a simulated nuclear detonation,
The analytical model represents the bridge span as & rigid
body rotating about the edge farthest from ground zero, The
differential equation reaulting from the conservation of
angulsr momentum is numerically solved,

BUILDINGS

83438

Earthquake Response of Irregular R/C Structures in
the Nonlinear Range

M. Saiidi and K.E. Hodson

Civil Engrg. Dept., Univ. of Nevada, Reno, NV
89567, Computers Struc., 16 (1-4), pp 519-529
(1983) 7 figs, 6 tables, 12 refs
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Key Words: Buildings, Reinforced concrete, Seismic re-
sponse

The spplication of a simpie analytical model (Q-Model) for
calculstion of nonlinesr seismic response history of irreguler
planar structures is demonstrated. The model represents the
structure by an equivalent SDOF oscillator. Stiffness degrade-
tion effects are accounted for through a simple hysteresis
model. The Q-Mode! is evaluated for small-scale test struc-
tures in sddition to e full-scale hypothetical {1 .ine,

83439

Inelasgtic Response of a Non-Seimmically Designed
Eleven Story Reinforced Concrete Building

M.R. Button, T.E. Kelly, R.L. Mayes, R. Donikian,
and E. Crespo

Computech Engineering Services, Inc., Berkeley, CA
94705, Computers Struc., 16 (1-4), pp 543-548
(1983) 3 figs, 9 refs

Key Words: Buildings, Multistory buildings, Reinforced
concrete, Earthquake response, Seismic response

An analytical study is described in which the predicted re-
mponse of a non-seismically designed eleven story reinforced
concrete building subjected to mechanically induced, large
amplitude shaking, is correlsted with actual inelastic response
meassured from full scale tests. The best analytical model is
then used to predict the response of the structure subjected
to earthquske induced ground motion, Conclusions are
drawn asbout the ability of such structures to withstand
earthquakes of varying magnitude,

83-440

Noise Induced House Vibrations and Human Percep-
tion

H.H. Hubbard

The College of William and Mary, Virginia Associated
Res. Campus, 12070 Jefferson Ave., Newport News,
VA 23606, Noise Control Engrg., 19 (2), pp 4955
{Sept/Oct 1982} 12 figs, 32 refs

Key Words: Buildings, Acoustic excitation, Vibration re-
sponss, Natural frequencies, Mode shepes, Acceleration
analysis, Human response

Noise induced house responses including frequencies, mode
shapes, acceleration levels and outside-to-inside noise reduc-
tions is summarized. The role of house vibrations in reactions

to environmental noise is defined and some human percep-
tion criteris are reviewsd,

TOWERS
(Also see Nos. 544, 545)

83441

Presentation of Dynamic Design Data Using a Mini-
computer

J.S.W. Taylor and I.M. Allison

Univ. of Surrey, Guildford, UK, Engineering Research
and Design - Bridging the Gap, instn. Mech. Engrs.
Conf. Publ. 1981-7, pp 9-15, C226/81, 9 figs, 2 refs

Key Words: Towers, Design techniques, Computer-aided
techniques, Dynamic response, Lumped parameter method,
Graphic methods, Minicomputers

The graphics capability of a minicomputer is used in display-
ing the deformations of stender towers subjected to dynamic
loading. The effect of damping is illustrated using a lumped
mass idealization,

HARBORS AND DAMS
{Also see No. 609)

83442

Hydrodynamic Effect of Earthquakes on Circular
Dam-Reservoir Systems

D.S. Kadle and A.T. Chwang

lowa Inst. of Hydraulic Res., lowa City, |A, Rept.
No. 1IHR-246, 74 pp (Aug 1982)

PB82-254137

Key Words: Dams, Earthquake response

This study deals with the hydrodynamic effect of earth-
quakes on a three-dimensional dam-reservoir system. Analyti-
cal solutions in closed forms are obtained when the reservoir
is circular or semi-circulsr in shape. The effects of surface
waves andi compressibility of the fluid in the reservoir are
also included,
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ROADS AND TRACKS
(Also see Nos. 487, 488)

83443

Four Channel Excitation for Simulation of Vertical
Road Roughness (Vierkanal-Anregung zur Simula-
tion vertikaler Strassemuncbenheiten)

H.-P, Willumeit and M. Lemke

Automoblitech. Z., 84 (10), pp 499-506 (Oct 1982)
12 tigs, 2 tables, 24 refs

{In German)

Key Words: Simuletion, Road roughness, Noise generation,
Vibration excitation

A fourchannel, vibration-exciting noiss generator for simu-
lstion of verticsl roed roughness is described. The generstor
produces different stochastic time signeis for both tracks,
which are correlated by a fixed cohersnce function, Variable
time delays produce the vehicle speed and wheelbase-depen-
dent resr-whee! excitation,

83444

Analysds of Rigid Pavement on Viscoelastic Founda-
tions Subjected to Moving Loads

S.S. Bandyopadhyay

NFS Services, Inc., Houston, TX, Intl. J. Numer.
Anal. Methods Geomech., § (4), pp 393407 (Oct-
Dec 1982) 13 figs, 3 refs

Key Words: Rosds (pavements), Foundations, Viscoslastic
foundations, Moving loads

The dynemic behavior of road structure is snalyzed by
ideslizing the subgrede with different viscoelastic models
having thres and four elements. Complex Fourier transfor-
mation is used to soive the resulting differential equations,
The results sre presented in non-dimensional form, A detailed
study is made to determine the effect of different parameters
on the deflection and moment of the pavement, Alsw, the
relative implications of idealizing the subigrade with different
viscosiastic models are studied. A numerical example Is
soived,

POWER PLANTS

83-445
An Approach to Evaluste the Design Load Time

History for Normal Eagine Impact Taking into
Account the Crash-Velocity Distribution

L

J.D. Riera, N.F. Zorn, and G.|. Schuiler

POs-Graduacao em Engr. Civil, Escola de Engenharia -
UFRGS, Porto Alegre, Brasil, Nucl. Engrg. Des,,
21 (3), pp 311-316 (Aug 11, 1982) 7 figs, 10 refs

Key Words: Nuciesr power plants, Cresh resserch (sircraft)

Examination of crash records for militery sircraft indicates
that in the definition of the excitation due to aircraft impact
against nuclesr structures, :he engines shouid be considered
as independent projectiles and, if necessry, its sffects super-
imposed on thoss due to the aircreft and/or parts thereof.
For the development of relisbility based design criteria, it is
also necesssry to amociete different excitation levels to
{conditionsl) probsbilities of occurrence, The paper presents
a detailed discussion of the cheracteristics of the resction-
time curve for a Phantom GE J78-8 turbojet engine, together
with a procedure to correlste any resction-time curve to its
(conditional) probebility of occurrence.

83446

Seismic Criteria for Older Plants: An Illustration of
Decision Analysis

C.A. Cornell

Dept. of Civil Engrg., Massachusetts Inst, of Tech,,
Cambridge, MA 02139, Nucl. Engrg. Des., 71 (3), pp
427429 (Aug 11, 1982) 3refs

Key Words: Nuclesr power plants, Seismic design

it Is shown how siementary decision theory can formaily
quantify the belief that oider plants need not be reinforced
to the same levels of seismic conservatism used in new plants.

83447

Estimation of the Time-Dependent Frequemcy
Content of Earthquake Accelerations

R.J. Scherer, J.D. Riera, and G.|. Schuller

Institut f. Bauingenieurwesen |ll, Technische Uni-
versitat Munchen, Fed. Rep. Germany, Nucl. Engrg.
Des., 71 (3), pp 301-310 (Aug 11, 1882) 9 figs, 8
refs

Key Words: Nuclesr power plants, Esrthquake responss

In order to define ssismic rendom processss, sttention is
devoted to the evolutionsry spectra method. (t is shown
that the estimation of the evolutionery spectra cerried out
by the multifiiter technique with an spproximete considers-




tion of the transient behavior of the filter element may leed
t0 an improved estimator,

838.448

Seiemic Risk Analysis and Decisions for Nuclear
Power Plants

P.D. Smith

Lawrence Livermore Natl. Lab., P.O. Box 808, L-95
Livermore, CA 94550, Nucl. Engrg. Des., 71 (3), pp
431-432 (Aug 11, 1882) 11 refs

Koy Words: Nucleer power plants, Ssismic response

This paper briefly describes several cstegories of ssfety
decisions that can be mede using seismic risk anelysis. While
risk analysis does not proviie all the information required
for thes decisions, it is  ussful tool in that it provides
sdditional information for the decision-making process. A
growing interest in the use of seismic risk analysis in nuclesr
safety svaluations is anticipated,

83-449

An Application of System Reliability Analysis for
the Study of Reactor Seismic Safety

G.E. Cummings

Univ, of California, Lawrence Livermore Natl. Lab.,
P.0. Box 808, L-91, Livermore, CA 94550, Nucl.
Engrg. Des., 71 (3), pp 341-344 (Aug 11, 1982) 1
tig, 2 tables, 7 refs

Key Words: Nuclesr power plants, Ssismic responss, Damage
prediction, Probeblility theory, Computer programs

Both systems and structural analysis techniques sre being
employed to caiculate failure and radioactive relesse prob-
sbliities in an effort to provide insights into the ssismic
sfety of nuciesr power plants. A description is given of an
event-tree/feulit-tres model of 8 nuciesr power plent which
has been constructed and is being used to calculate thes
probsbliities. Fallure deta for use in this model s generated
{in pert) from responses caiculeted by structursl anelysis
codes using esrthquake time histories as forcing functions.
Thess responses sre epplied to fragility functions to deter-
mine component and structurs! failure probebility input for
the fault trees.

83450

A Probsbllistic Assessment of the Primary Coolant
Loop Pipe Fracture Due to Fatigue Crack Growth
for s PWR Plant

C.K. Chou

Lawrence Livermore Natl. Lab., Univ. of California,
P.0. Box 808, L-90, Livermore, CA 84550, Nucl.
Engrg. Des., 71 (3), pp 285-288 (Aug 11, 1982)

Key Words: Nuclesr power plants, Easrthquake responss,
Seismic response, Fatigue (ife

The work reported herein assesses the probebility of »

double-ended guillotine break of the hot leg, cold leg and

cross-over line of a PWR plant subjected to the loads caused
by plant transients and esrthquakes. Flaw size and aspect
ratio, material properties, operating transient end seismic
stress histories, pre-service and in-service inspections as well
as leak detections are considered random varisbles to be
input into the fatigue crack growth fracture mechanics
modsl. A brief description of the model and interrelstionship
between various steps are also given,

83451

Seismic Research on Block-Type HTGR Core

T. Ikushima, T. Honma, and H. Ishizuka

Div. of Nuclear Safety Evaluation, Japan Atomic
Energy Res. Inst., Tokai-mura, Naka-gun, Ibaraki-ken,
319-11, Japan, Nucl. Engrg. Des., 71 (2), pp 195-216
{Aug 1, 1982) 40 figs, 2 tables, 9 refs

Key Words: Nuclear reactors, Seismic analysis

This peper describes seismic resssrch conducted by the
Japanese Atomic Energy Ressarch Institute in the develop-
ment of a high-temperature gas-cooled resctor. Descriptions
are given of the seismic research program, the seismic tests,
and the simulation analyses. Experiments included a two
block pendulum collision test and a single stacked block
column, & one-region core (seven columns), 8 two-dimen-
sional verticsl core and & two-dimensional horizontal core,
vibration tests.

83452

Ascimnic Study of High Temperature Gas-Cooled
Reactor Core with Block-type Fuel (2nd Report: An
Analytical Method of Two-dimensional Vibration of
Interacting Columns)

T. lkushima

47




Japan Atomic Energy Research Inst., Tokai-mura,
Naka-gun, Ibsraki-ken, 319-11, Japan, Bull. JSME,
26 (208), pp 1610-1617 (Oct 1982) 12 figs, 1 table,
5 refs

Key Words: Nuclesr reactors, Seismic design

An analytical method of two-dimensional vibration of
interacting columns for sssismic design of a high tempers-
ture gas-cooled resctor core with block-type fuel is devel-
oped. Blocks sre treated as rigid bodies and a spring dashpot
model is used for the collision process between blocke
Analytics! resuits are compared with experimental ones and
both are found to be in good sgreement. The snalyticel
method can be used to predict the behavior of the high
temperature gascooled resctor core under seismic excits-
tion,

83-453

Dynamic Response of the JT-60 Vacuum Vessel
under the Electromagnetic Forces

H. Takatsu, M. Shimizu, M. Ohta, K. Imai, S. Ono,
and M, Minami

Japan Atomic Energy Res. Inst,, Tokai-mura, Naka-
gun, lbaraki-ken, Japan, Nucl. Engrg. Des., 71 (2},
pp 161-172 (Aug 1, 1982) 16 figs, 3 tables, 6 refs

Key Words: Nuclesr resctor components, Bellows, Electro-
magnetic excitstion

Dynamic remponse snalyses of the JAER|I Toksmak 60
(JT-60) vacuum vesssl were carried out under thres kinds
of saddle-like electromegnetic forces. The dynamic response
of the bsliows was obtained by dividing it into three compo-
nents; the first, coused by the forced deflection due to the
displacement of an adjscent rigid ring; the second, caused by
inertia force; and the third, caused by s seddie-like electro-
magnetic force, It is clesr thet the dynamic behavior of the
vacuum vemel is governed mainly by the seddle-like slectro-
magnetic force, with a smaller effect of the inverse sddle-
like electromagnetic force on the dynamic responss of the
vacuum vessel,

83454

Mixed Domain Analysis of Nuclear Containment
Structures Using Impulse Functions

S. Ramamurthy and M.J, Shah

Stone & Webster Engrg. Corp., Cherry Hill, NJ
08034, Computers Struc., 16 (1-4), pp 573679
(1983) 11 figs, 7 refs
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Koy Words: Nuclesr power plants, Containment structures,
Time-domain method, Frequency-domain method, Hydro-
dynemic excitation

An alternative method to snalyze containment structures of
boiling water resctor (BWR) nuclesr plants is proposed. The
proposed method reduces the computer cost and provides
wificient sccuracy for the analysis of containment structures
for hydrodynemic loads, which have 8 wide spectrum of
frequency variation and are of duration in excess of 5 sec.
An impulse function time history of durstion shorter then
the sctusl forcing function duration is used in time-domain
snalysis to generate system characteristic functions or trany
for functions for s linesrly elastic multi degree of freedom
structural system, The functions are then used in a fre-
quency-domain analysis slong with the Fourier transform of
the actusl input forcing function *ime history to obtain the
response time histories at variou. points in the structures.

83455

Dynamic Response of Containment Vessels to Blast
Loading

R.R. Karpp, T.A. Duffey, T.R. Neal, R.H. Warnes,
and J.D. Thompson

Los Alamos Nat]. Lab., NM, Rept. No. LA-UR-82-
344, CONF-820516-5, 7 pp (1982) (Presented at
joint conference on experimental mechanics, Hono-
lulu, HI, May 22, 1982)

DEB2008123

Key Words: Contasinment structures, Blast loads, internsl
explosions, Explosion effects

The dynamic response of steel, spherical contasinment vessels
losded by internal explosive blast was studied by experi-
ments, computations, and snalysis. Instrumentation used in
the experiments consisted of strain and pressure geuges and
8 velocity interferometer. Dats were used to rank the blast
wave mitigating properties of several filler materiels and to
develop @ xcaling law relating strain, filler material, and
explosive energy or explosive mass.

OFF-SHORE STRUCTURES

83436

Dynamic Analysis Models of Tension Leg Platforms
E.R. Jefferys and M.H. Patel

University College London, London, UK, J. Energy
Resources Tech., Trans. ASMFE, 104 (3), pp 217-223
(Sept 1982) 7 tigs, 1 table, 13 refs




Key Words: Drilling platforms, Off-shore structures, Cabies,
Natursl frequencies

Conventionsl snalysis of tension leg pletform structures
ylelds natursl frequencies which sre well separsted from
wave excitstion frequencies. However, the resuits presented
hers show that the tethers can have lateral resonant fre-
quencles in the weve frequency range if the platform is
deployed in deep water, It is ususlly sssumed that tether
tension does not vary with time, However, the verticsl weve
forces, rescted by the tethers, couse the tension to change
with time end this can cause 8 Mathieu type of instability
in the platform sway motion. This phenomenon is investi-
geted using a simple energy balance technique and it is shown
that square lew fluid demping places an upper bound on
oscillstion amplitude; it is found that platform swey motions
due to Mathieu excitation remain scceptable sven in large
waves,

83457

A High-Pressure Swivel for Natural Gas Service and
Oucillating Motion in a Marine Environment

J.T. Herbert and J.E. Ortloff

Aeroquip Corp., Jackson, M|, J. Energy Resources
Tech., Trans. ASME, 104 (3), pp 229-234 (Sept
1982) 15 figs, 1 table, 12 refs

Key Words: Off-shore structures, Drilling pletforms, Marine
risers

A joint development program has produced a unique flowline
swivel for high-pressure natursl ges service under continuous,
small degree rotation, oscliiating service, The swivel uses an
elastomeric beering element made up of alternate, frusto-
conicsl sheped rings of metsl and rubber (elastomer) to
sbsorb continuous small degree rotary oscillations or flexures
of the swivel, It sccommodates lerger oscillations by locking
the elastomeric element at its meximum design flexure
capabllity and permitting the entire shaft sassembly to rotate
relstive to the housing.

83-438

Optimum Design and Control of Self-Supported Wave
Energy Systems

A, Abuelnaga and A, Seireg

Mech. Engrg. Dept., Univ. of Wisconson, Madison, WI
53706, J. Energy Resources Tech., Trans, ASME,
104 (3), pp 247-256 (Sept 1982) 10 figs, 4 tables,
11 refs

Key Words: Off-shore structures, Fioating structures, Moor-
ings, Wave forces, Wave generation

This peper presents a procedure for the design of supporting
plastforms for wave generators which are essentially self-
positioned and require minimum anchoring. The optimum
design and control for such systems is given for & selected
ocesn condition, The study shows that an unanchored
plstform in an optimally designed two-mass system csn
provide appropriste support for the wave generator without
any significant loss of conversion sfficiency.

VEHICLE SYSTEMS

GROUND VEHICLES
{Also ses Nos. 475, 654)

83459

Vehicle Interior Noise Related to External Aerody-
namics

R. Buchheim, W. Dobrzynski, H. Mankau, and D.
Schwabe

Volkswagenwerk AG, Wolfsburg, West Germany,
Intl. J. Vehicle Des., 3 (4), pp 398-410 (Nov 1982)
17 figs, 4 refs

Key Words: Motor vehicle noise, Interior noiss, Noise mee-
surement, Wind tunnel testing, Aerodynamic losds

Vehicle interior noise messurements sre made in the wind
tunnel end on the road. The noise in the passenger compart-
ment of vehicles caused by the external flow around the car
is analyzed. Correlations between pressure fluctustions st
the outside body surface of a car and the interior noise are
established,

83460

Lateral Running Quality and Stability Design of
Railway Carriages

P. Michelberger, A. Simonyi, and M. Ferenczi
Technical Univ. of Budapest, Hungary, Intl. J. Ve-
hicle Des., 3 (4), pp 424-435 (Nov 1982) 7 figs, 6 refs

Key Words: Railroad cars, Lateral response, Stability

One of the current problems of rallwey car dynemics is the
analysis of lateral motions. This paper seeks to determine,

49




by means of & linesr mode!l with 14 degrees of freedom, the
rransfer characteristics of & railwey car's wheel-set. The
pupts duzcribes, thonugh o course of analysls, the elesticity
parameters of whesl-set clsmpm, thet remult in optimal
riding comfort. By applying simultansous differentis! eque-
tions to the model, end with the aid of the Francis double-
step sigorithm, the stebility condition of the model is exam-
ined and the set of wheel-set clamping perameters that
assure stable running are determined,

83461

A Review and Asmsessment of Methods for Prediction
of the Dynamic Stability of Air Cushions

P.A. Sullivan, M J. Hinchey, and G.M. Green

Inst, for Aerospace Studies, Univ. of Toronto, Tor-
onto, Canada, J. Sound Vib., 84 (3), pp 337-358
(Oct 8, 1982) 21 figs, 1 table, 21 refs

Key Words: Ground effect machines, Dynamic stability,
Lumped parameter method

The usefuiness of lumped-parameter linear stability analyses
for the prediction of dynamic instabilities of air cushion
vehicles is explored. The configurstion considered in detail
is a single plenum chamber constrained to move in heave
only and which is fed from a fan through s duct. The assump-
tions and equations typically used in such analyses are
discussed and their spplicability reviewsd. An experiment
designed to completely eliminate fan dynamic effects sccu-
rately reproduces the predictions of an esrlier theoretical
analysis of the effect of ducting of cushion stebility.

SHIPS

83462

The Impact Energy of a Moored Tanker under the
Action of Regular Waves

Y.-C. Li

Ocean Engrg. Program, Texas A&M Univ., College
Station, TX 77843, J. Energy Resources Tech.,
Trans. ASME, 104 (3), pp 235-240 (Sept 1982)
5 figs, 11 tables, 11 refs

Key Words: Ships, Moorings, Wave forces, Wind-induced
excitation

The influence of factors such as mooring line conditions,

fender arrangements, dolphin srrangements, degree of ship
loading, waves of long period, wave direction, and wind on
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the impact snergy of 8 moored tanker are studied. Based on
systematic test dete, 8 semi-empirical formuls is developed
to caiculste the impact energy of the moored ship on the
berthing facilities under the action of regular waves.

AIRCRAFT
(Also see Nos. 445, 578)

83463

Generation of Desired Signals from Acoustic Drivers
R. Ramakrishnan, M. Salikuddin, and K.K. Ahuja
Lockheed-Georgia Co., Marietta, GA 30063, J. Sound
Vib., 85 (1), pp 39-51 (Nov 8, 1982) 9 figs, 18 refs

Key Words: Aircraft noise, Engine noise, Interior noise

A genersl but systematic procedure is developed to control
trensient signsl genseration for the study of internal noise
propagation from aircraft engines. Transform techniques are
used in a simple aigorithm to produce signals of any desired
waveform from acoustic drivers. By a judicious input, the
accurste driver response function is calculated. From the
driver response function the limiting frequency characteris-
tics are determined.

83464

Exterior Noise on the Fuselage of Light Propeller
Driven Aircraft in Flight

J. Sulc, J. Hofr, and L. Benda

Inst. of Thermomechanics, CSAV, PUskinovo fiam. 9,
160 00 Praha 6, Czechoslovakia, J. Sound Vib., 84
(1), pp 105-120 (Sept 8, 1982) 20 figs, 1 table,
15 refs

Key Words; Aircraft noise, Noise measurement

Experimental studies of exterior noise {pressure fluctustions)
on the fuselage of twin-engined, propelier driven light com-
mercial aircraft in flight are described. Measurements asre
made by means of 31 flush mounted special static pressure
probes. For the wide range of test conditions, pressure fluc-
tustions depending on propeller rotation and on turbulent
fluctuations on the well are obtainad.

83465

Nonequilibrium Flow over Deita Wings with De-
tached Shock Waves

R.J. Stalker

PR AN e S
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Univ. of Queensiand, Brisbane, Australia, AIAA J.,
20 (12), pp 1633-1639 (Dec 1982) 9 figs, 10 refs

Key Words: Aircraft wings, Shock waves

An analysis is made of the effect of streamwise density
changes, due to chemical reactions, on the flow in the shock
layer of 8 medium- to low-aspect-ratio delta wing at angles
of incidence such that the shock wave is detached from the
leading edges. it is shown that the flow retains the essentislly
conical character that is associated with tho abssnce of
density changes. Near the midspan of the wing, the density
changes displace the shock wave towsrd the wing surface
but do not alter the shock shape. The displacement effect
predicted by the analysis is confirmed by experiments in s
high-enthalpy shock tunnel,

83-466

Longitudinal Control Effectiveness and Entry Dy-
namics of a Single-Stage-to-Orbit Vehicle

N.X. Vinh and C.F. Lin

Univ. of Michigan, Ann Arbor, M|, Rept. No. NASA-
CR-169119, 94 pp {1982)

N82-27351

Key Words: Aircraft, Longitudinal stability, Reentry vehicles

The classical theory of flight dynamics for sirplane longi-
tudinal stability and control analysis is extended to the case
of a hypervelocity reentry vehicle. This includes the elements
inherent in supersonic and hypersonic flight such as the
influence of the Mach number on serodynamic characteris
tics, and the effect of the reaction control system and sero-
dynamic controls on the trim condition through 8 wide
range of speed. Phugoid motion and angle of attack oscilla-
tion for typical cases of cruising flight, ballistic entry, and
glide entry are investigated,

83467

Harpoon Misile Captive-Carry Dynamic Environ.
ments on the A-6E Aircraft

J.A. Zara, R.W, Elton, and J.L. Gubser

McDonnelt Douglas Astronautics Co., St. Louis, MO,
J. Environ. Sci., 25 (5), pp 156-23 (Sept/Oct 1982)
31 figs, 5refs

Key Words: Missiles, Weapons systems, Wing stores, Flight
tests, Experimentsl test dats, Acoustic measurement, Mes-
- surement techniques, Shock response, Vibration measure-
ment

As part of the integration of the U.S. Navy Harpoon Anti-
Ship Misslle with the A-8 intruder ettack aircraft, flight
tests were conducted to messure captive-corry dynamic
erwironments. Catspult lsunch, arrested landings, and »
variety of flight conditions were investigated, Acoustic,
shock, and vibration wideband messurements were made
at key locations using an instrumented missile, Three fiight
configurations were flown to assess missile environments
at different wing stations and to assess the influence of an
adjecent store. Level flight and maneuver conditions were
messured covering a wide range of aircraft speeds and alti-
tudes. This paper summarizes the environments measured
and discusses the significant characteristics of the data.

MISSILES AND SPACECRAFT
{Also see Nos. 467, 586, 687)

83468

Evaluation of Component Buildup Methods for
Missile Aerodynamic Predictions

S.R. Vukelich and J.E, Jenkins

McDonnell Douglas Astronautics Co., St. Louis, MO,
J. Spacecraft Rockets, 19 (6), pp 481-488 (Nov/Dec
1982) 9 figs, 6 tables, 54 refs

Key Words: Missiles, Aerodynamic loads, Prediction tech-
niques

An evaluation of component buildup eerodynamic methods
for missile design is presented. The methods presented define
the methodology which could be incorporated into a hand-
book and computer program for missile serodynsmic predic-
tions. Selected criteria and recommended serodynamic pre-
diction methods for isolsted components, interference,
inlet/airframe interactions, vortices, and propuision system
effects are presented for use ‘n conceptusi or preliminary
design. The methods investigated include theoreticsl, semi-
empirical, and empirical techniques presently used in in-
dustry.

83469

Optimum Design of Satellite Antenna Structures
Subjected to Random Excitations

V.K. Jha

Ph.D. Thesis, Concordia Univ., Canada (1982)

Key Words: Antennas, Spacecreft antennas, Random excits-
tion, Optimum design, Fatigue tife, Naturs! frequencies,
Mode shapes
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An oversll technique is presented for anslysis and optimel
design of mtellite antenne structures mubjected to random
excitation of erbitrerily verying profiles of power spectral
densities. The design which resuits in the minimum structural
weight yet mests all the design relisbility requirements has
been considered as the optimum design.

83470

Aspects of the Dynamics and Controllabiity of
Large Flexible Structures

R.A. Laskin

Ph.D. Thesis, Columbia Univ., 263 pp (1982)
DAB222423

Key Words: Spececraft, Beams, Equations of motion

This disssrtstion considers problems of dynamics and control
of structural systems charscterized by s high degree of
flexibility, Structurs! fiexibility typically arises in conjunc-
tion with a structure’s large physical extent but it need not
be confined to such situstions. The treatment here empha-
sizes spplications to large flexible spacecraft. Aithough the
spproach is somewhat eclectic, the unify<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>